tolographie Address: Lenton.” avo or 


"10 DOM: PUBLI Britain, 19s. costal Union, of the fret Zis. 64, of | | 
Inte, Persia, &c.), 23. D. Vas Nosrnanp, 28, Murray Street, and 27, Warren Street. 
Madame Vavve J. Borvaau, Librairie Etrangère, 22, Bue de la Banque. Bunuirx : À. Acume & 


ELECTRIC LIGHT. 


CENTRAL STATIONS 
FITTHD COMPLETE | 
FOR INCANDESCENT OR ARC LIGHTING 


ON EITHER THE ALTERNATING OR DIRECT: CURRENT SYSTEM. Sec on 


KAPP ALTERNATING AND DIRECT CURRENT | 


DYINWNAMOS, 
PATENT ARC LAMP. 


MANUFACTURERS OF VULCANISED ‘RUBBER ‘CABLES AND BROOKS’S PATENT UNDER. 


onRAcTORS FOR COMPLETE CENTRAL STATIONS 


The Metropolitan Company; Limited. | | 


The Keswick Electric Light Company, Limited, | | ? 

and 
| The Hong-Kong f&icctric Company, Limited, including ‘ 
| Street Arc Lighting and Pumping 


JOHNSON PHILLIPS, 


ENGINEERS AND ELECTRICIANS, 


REUNION COURT, OLD BROAD STREET, LONDON, EC. 


Works and Whart: CHARLTON, KENT, 
mu. | Telegrams: “JUNO,” LONDON. 
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{ternational Inventions Exhibition, 1885. GOLD MEDAL tor Machinery, 


SILVER MEDAL, INTERNATIONAL ELECTRIC EXHIBITION | 
SILVER MEDAL for Cables 
MANUFACTURERS 


| | 
Wire and Tape of SEEADS CABLES. FOR. Wie any 
; Ship Work. | 


Cables for the 
Contractors to H.M. Postmaster-General the Indian Government, the principal Railway, Telephone. and Blestris Light 


MANUFAGTURERS, BY PATENT PROGESSES, OF GLOVER'3 PATENT COVERED IRON WIRE FOR AERIAL LINES. 
_. Glover’s Patent Covered High- -Conductivity Copper Wire for Aërial Lines. 


Glover's Patent Covered Gutta-Percha Wire for Leading-in, Tunnel, and Underground Wake | 


THOROUGHLY INSULATED ANTI-INDUOTION TELEPHONE CARLES UP TO ONE a WIRES, 


WALTER T. GLOVER & CO, 


Glectrical Mire and Cable Makers, 
| SALFORD, MANCHESTER. | 


Street Iron Works. 
WORKS Salford Electric Wire Works. {sauromp, 
Springfield Lane Cable Works. —. 


LONDON: 10, HATTON GARDEN, EG 


GORHAM 


4, PRINCES MANSIONS, VICTORIA STREET, SW. 


OWNERS OF 


ABSOLUTE IMMUNITY. FROM DANGER ON ‘HIGH TENSION 


67,000 MILES ALREADY 


The Greatest. Number of Miles ever run in this’ 
Country by Accumulator Cars. 


“Roaning on the Barking Rd, E., for the 


ARS - NORTH METROPOLITAN 
g TRAMWAYS COMPANY, Lid. 


Cars. Certain to supplaiit and every other 
form of traction. Full Particulars from the SECRETARY, 
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Lightning Conductors, &c. 


¥ 
4 
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Oil Refiners, 
36, SOUTHWARK STREET, 


LONDON. 
Works:—EWER STREET, 


_ TELEPHONE No. 474%. 


~ ONLY OIL used last three years by the largest à 
Electric Installations in London, 
Samples sent on application. 


SUCCESS GUARANTEED. TRIAL SOLICITED. 


Price 2s. 9d. per Gallon. 


Our Oil is now recommended by the principal 
Electricians, and is also suitable for 


SHAFTING, ENGINES, 
AND GENERAL PURPOSES. gu, 


FREDERICHR SMITH co CO. 
CALEDONIA WORKS. HALIFAX. 
Contractors to Der Majesty's Government & Railway Companies 


BEST REHFINHD THLHPHONH WIREHL 
PATENT GALVANISED TELEGRAPH WIRE. 


100 Ib. COILS, HIGH CONDUCTIVITY. . 
SPECIALITY :-TELEGRAPH WIRE, TO ALL SPECIFICATIONS. 


COPPER WIRE, hard drawn, condnstivity— tong lengths. cores. WIRE and TAPE for 
R WIRE, all sizes for covering. ‘WIRE all — 
ALVANISED HARD STEEL STRAND for Mechanical “Telephones. LE 


WIGGINS & SONS, ad LONDON, M i C A. 
MICA MERCHANTS, [Telephone No. 2248. 
Manafacturers of Mica Goods for Philosophical and ALL pexpenes. 
CONTRACTORS TO HER MAJESTY'S GOVERNMENT. 


NEW AND CHEAP PATENT LAW. 
| PATENT oFFice. | Wm. M. FOXCROFT 


| Foscroft, also F. Lucas), 
166, FLEET STREET, | legraph and Telephone Case Manufacturer, 
IL © IN DON. 36, PEROIVAL STREET AND 9, SMITH STREET, , 
| r CLERKENWELL, LONDON, E.C. 
“PATENT oise (Offices-PEROIVAL STREET). 
‘€ Pamphlet of Costs Gratis. 
| Ubirty-five Years’ special practice with | Lock and Block, Single Needle, Bell, Sounder, Perforater, 
! A || Photometer, Telephone Cases, Battery Boxes, &c., &c. 


Provisional Protection (9 month 
Patent (a | PRIZE MEDALS, LONDON, isn; PARIS, 1. 201 
IVORY LETTERING BY PATENTED PROCESS. 7 
Ad 
| PERMANENT Z PERFECT LETTERING ON IVORY 
Pindar sd FOR ALL SCIENTIFIC AND MERCANTILE PURPOSES. 
xX witch-Board Supplied to H.M. Government Offices, and the Principal Electric, Telegraph, X 
EE SR Labels. Telephone, and Gas Engineers and Railway Companies in the Kingdom. 
ET ORY THE 
‘Tablets. ENDOLITHIC IVORY Co., Ltd., Pomona Bldgs. Fore St., Be | 
Lettered & Figured (Adjoining Moorgate Street Station). 
for all purposes. Telephone No. 21. 
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RUSTON, PROCTOR 


| LIMITED. 
Wins, LINCOLN & LONDON 


OF INSTALLATION | 


i 


i 


MANUFACTURERS OF 3 | 
 CORNISH & LANCASHIRE BOILERS, WITH WELDED AND FLANGED FLUES ‘ 
LOCOMOTIVE, CYLINDRICAL & VERTICAL TUBULAR BOILERS. 


FOR HIGH WORKING PRESSURES. 
SPECIAL DESIGNS FOR RESTRICTED GROUND SPACE. 
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ns. THE FOREIGN & COLONIAL . 


+ GREAT WINCH ESTHER STREET, LONDON. 


E.P.S. Accumu LATORS 


supplied Direct in ITALY, PORTUGAL, HOLLAND, SWITZERLAND, CAPE OF GOOD HOPE, Fr. 


INDIA, CEYLON, &c.,and through Licensees in RUSSIA, SWEDEN, NORWAY, DENMARK, 
AUSTRIA, HUNGARY, GERMANY, and the AUSTRALASIAN COLONIES. 


t 


NOTICE. 

This Company ownes the Letters Patent, granted- \ 
in the above Countries to Faure, Sellon, Volekmar. 
and others for the.construdtion of SECONDARY |h 


BATTERIES or — PTRICAL ACCUMU- 
LATORS 


Under these patents HA other points) is 
covered the employment of spongy metallic lead, or 
of salts or oxides of lead in any way applied to or 
packed in interstices of or between lead plates, and 
the use of perforated, interstical, corrugated, 
roughened and indented plates of whatever shape. 


=. 


ACTION CELL. i 
ve LIGHTING CELL. 


LECTRI LIGHTING OF TOWNS AND ELECTRIC TRACTION ON TRAMWAYS 


OUTSIDE THE UNITED KINGDOM. 


Write for Price Lists of Batteries, and Accessories. 


SPECIALLY ADAPTED FOR 


ELECTRIC LIGHT INSTALLATIONS 


AND FOR ANY WORK WHERE UNIFORMITY OF SPEED IS DESIRABLE. 


‘SOLE MAKERS: : 


PRICES AA APPLICATION. 
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(Apel 25, 


EMMorr co. 


LIMITED, 


NORTHERN TELEGRAPH WORKS, HALIFAX, ENGLAND, 


CONTRACTORS T0 THE BRITISH, INDIAN & COLONIAL core 


and the first cost is low. 


FLETCHER’S PATENT WATCHMAN’S TELL-TALE—Latgely used 
by the L. & N. W. Railway Company, the Government of Victoria, && 
Cannot be tampered with, not likely to get out of order, only one wire 
required for the whole circuit, the current only used once during tho round, | 
Prices and estimates on application. 


RESISTANCE COILS, GALVANOMETERS, SINGLE NEEDLE INSTRUMENTS, REPEATERS, 
LECLANCHE BATTERIES. 


ILLUSTRATED LIST, FOUR STAMPS. 


BERK 


+ =. 


| 


| ALL = : PREPARE. 
WORKS -ABBEY MILLS CHEMICAL WORKS.STRATFORD. 
__PENIREPOTH CHEMICAL WORKS, MORRISTON «SWANSEA 

OFFICES: I. FENCHURCH AVENUE, LONDON. e.< 


THOMAS BARRACLOUGH & CO. Ltd. 


Makers Le all the most Improved Machinery for Electric Wire ana 
Covering, Lapping, Taping, Braiding, ¥c., 


ALSO FOR 
STRANOING AND MAKING CABLES OF EVERY SIZE AND DESCRIPTION. 


Globe Works, Rochdale Road, Manchester. 1960 


ARTHUR B. GILL & Co., 
Glectric Light and General Gugineers, 
4, BOMBAY STREET, BERMONDSEY, LONDON, S8.E. 


Sole Makers of GILL’S PATENT MAIN SWITCHES, which are practically 
everlasting. No sparking on the actual contact pieces. These switches improve 
with using. Makers of the “GILL” DYNAMO AND MOTOR, which are un- 
equalled for cheapness and efficiency. SUPPLIERS OF ALL ELECTRICAL 
REQUISITES. LIBERAL TRADE TERMS, 


Telegraphic Address: “ TORQUE.” 2949 


© A EE BONS. 
H @ F. CHAMBERLAIN, 


Manufacturers of Pure Carbon Points, Tubes, Filters, 
Cells and Battery Plates of every description. 


Telegraphic Address:—“CARBUN BARNSLEY.” | 8598 


ELECTRIC WIRES. 


Insulated Wire and Cables 
of every description for 
Electrical Instruments, 
Dynamo Machines, Electric 
Bella, Telephones, Electric-’ 
Lighting, &c. 


UNITED: ELEOTRIO WIRE Co. |: 


14a, Clerkenwell Green. London, E.C.  ::w 


£1 10s. t0 £6 


PER INSTRUMENT. 
3269 


BOOTE, ELLSON & co., 
Givi: and Glectrical_ Gugineers, 
5, QUEEN STREET, MELBOURNE, 


The above Firm undertakes Commissions and Agencies for the 


Australasian Colonies. 
Telegraphic Address: “FARAD MELBOURNE: : 
London Address (Letters only), care of ANTONY GIBBS 


59, THEOBALD’S ROAD, 
LONDON 


ELECTRICAL 


Tel Bwitches, Jacks, 
Indicators, Bells, Relays, 
Magoeto Generators, 


Builcer of any class of fine accurate ms- 
chine work to thee model, or 
emin rn 
Serew Making, Automatic 
Work a specixli 3194 


ELECTRICAL 


CASE WORKS, 
5, PHŒNIX PLACE, 
COLDBATH FIELDS, LONDON, 


MANUFACTURERS OF 


very description of Gases 


BY MACHINERY 


H. THORPE, 


FOR 
TELEGRAPH, TELEPHONE, AUTOMATIC 
And Electrical Instrument Makers. ' 
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MIX 


JNustrated Price Lists free 
on Application 


(Spindle) Lightning Conduct r for Tel ‘vhone Lines. 


Inventors and Patentees of the Mix and Genest Microphone (Patented) fit for any climate. 
Multiple le Swit chboards (Patented). Dry 
. Celle of highest « flicic ncys. 


THE 


 GENEST 


TELEGRAPH, TELEPHONE & LIGHTNING CONDUCTOR MANUFACTURING CO. 


BERLIN, S.W. 


Contracts taken for Supply or Construction of Telegraph and Tele + reg Lines all over the world. Domestic Electric Bells 
un, Batteries. Richest choice of Domestic Telegraph and Telep 


one Supplies for any purpose and of every description. 
Portable Microphone Apparatus for Military 


and Navy 

Service. 
2 
as 
3 > 
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Indicator. 


Portable Desk and Table Micro-Telephone Station. 


BAILEY’s 


SPEED INDICATOR 


FOR USE WITH 


Electrical Installations and with General Machinery. 


AS MANUFACTURED | 
BY US FOR 
THE 


BRITISH ADMIRALTY 
FOR 


WAR VESSELS, 


ER: 


AND 
ALSO FOR MOST 
OF THE 


CHIEF ELECTRICAL 


SOLE MAKERS, 


Diameter of Dial, 8 in.; Diameter of Pulley, 4 is. 


Price £8. 


W. T. HENLEY’S TELEGRAPH WORKS 


Offices:—27, Martin’s Lane, Cannon Street, London E.C. 


TELEPHONE No.  WORES:-NORTH WOOLWICH. 


COMPANY, LIMITED. 


Manufacturers of 
SUBMARINE CABLES, 

Patent Metallic Braiding, 
TELEPHONE CABLES. 


. DYNAMO WIRE 
Silk Covered Wire, 


FLEXIBLE CORDS, 
AND 


ELECTRIC LIGHT CABLES. 
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April 


BEST TRE 


PHOSPHOR BRONZE 

CASTINGS, 
Phosphor Bronze 

for Springs, Ropes, Screws, 


Wire of Great Tensile Strength 
Rods, Sheets, Bearings, Bushes, 


and High Conductivity for Mir 


BEWARE OF sruius IMITATIONS, FALSE REPRESENTATIONS. AND INFRINGEMENTS OF OUR | ATENT wor. 


TELEPHONE 


> Bronze nd ‘Siam toe 


+ à a 


E. GREEN & SON, Ltd. . 
ST. ANN’S SQUARE, | 
MANCHESTER. 
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LA Firrinés. 
BY THE SWITCHCS, CUT-OUTS, | 
PRINCIPAL. | LAMP. HOLDERS & OTHER 
Electric Lright ACCE SSORIES.-:-- razenose Sr. 
DORMAR SMITH Mancuester| | 
| | | | | 
INDEX TO ADVERTISEMENTS. | 
h nouncements are ordered for a series, are entered under any one Heading in this Index free of charge | 
The names of oa à yd seahed under other headings, Gd. per week is charged for each additional entry. | 
pase Electrical Engiaeers, &e.—Cont. PAGE À 
.. 2 | Telegraph Mfg. Co. … Sup. 2 |. Manufacturing Electricians.—Cont. 
Foreign & Colonial E.P. Ss. cas ae Western Electric Company Sup. 20 Price, Talbot & Co. See Sup. 3 
J. Stilt & Sons (Boxes only) ee Westinghouse Electric Co. de Ross, Courtney & Co. ns a 20 
pre lampe. Woodhouse & Rawson United ... 11 Tologes h Mfg. Co. Sup. - 
J.H. Holmes& Co... Sup. 11 | Electric Light. 
J. & W. Roper Bernstein Electric Lamp 
Simplex Sup 15 India-Rubber,G. P.&Tel Wks. Co: up. Mica.—F. Wiggins & Sons... 3 À} 
Stattor & 19 ” Motors.—Cuttriss & Co.  … | 
tas.— Bell’s 0. , urence, Paris eee | El ' | 
Asbestos Co. ove Thomson-Houston ... Sup. 4 is Light Co. | 
Auctioneers and Valuers (Mechanical). Electric Light Carbons. Stephens, Smith & Ona Sup. 9 | 
Wheatley Kirk, Price & Goulty Sup. 11 Anglo-American RrushCorp. .. 10 | Patent Agents.—H. Gardner … 3 
Batteries. H. & F. Chamberlain 6 Pol ry | 
India-rubber, G G.P. & Tel. Wks. Co. 20 Genl. Elec. Co., Ld. (G. Binswanger.) Sup. 10 | Po ne (W A ron). . | 
Johnson & Johnson & Phillips 1 ohnson & hillips eee eee 1 
Telegraph Mfg. 2 Lacombe & Co. 
Battery Jars.—J. Bourne & Son ... 13 Vegas = Se aha Genl. Elec. Co., Ld.(G. Binswanger.) Sup. 10 
- Price, Sons & Cu., we ~ ee + | Electric Light Fittings. - Taylor, Tunnicliff & Co. ... Sup. 12 
J. Stiff & Sons eee eee eee Appleton, = Sup. x W. Wood & Co. ce sde 
Dorman & Smi eee eee 
Genl. Elec. Co., Ld. @. Binswanger.) Sup. 10 Electrical Accessories Co... 5 Porous Cells.—J. Stiff & Sons H 
Allarton & Madeley ... 12 Faraday & Son … .… … 10 | Pulleys, Shafting, &c. : 
Belting.— Webb & Son … Sup. 12 Genl. Elec.Co., Ld. (@. Binswanger.) Sup. 10 18 
& Wilcox Co. 8 ~ Lea, Sons & RON Sup. 7 J. Jardine ... ‘ine ‘ie ve 1 
B. Verity & Sons ... 12 | : G. Bichards&Co... 
Electrical Pocket Book ... Enamel.—Aspinall & Co. | | 
Cabinet Work.—Eclipse Works ... 6 | Endolithie Ivory. . chools Clas $ 
Castings.—Phosphor Bronze Co. ... 8 | Engines for Electric Light. reows.— Timmins ... ox ; 
“Bork 6 W. H, Bailey & eee eee 7 Switches. 
Boor & Co. é 15 Davey, Paxman & Co. ... .. 10. Appleton, Burbey & Williamson Sup. 18 | 
Greenwood and Batley … ... Faraday & Son 10 
& Lowe Sup. Marshall, Sons & Co. ... 15 Genl. Elec. Co., Ld.(G: Binswanger.) Sup. 10 | 
| .Gülcher Electric Light & P. Co. 18 John Musgrave & Sons ... Sup. 2 Walsall. Electrical Co. a 
& Co. Sup. Priestman’s Oil Engine … .… - Woodhouse & Rawson United 
Co. te Stockport Gas Engine... ... Telegraph Mfg.Co. ... Sup. 2 
& Co. Willans & Robinson Sup. 19 Telephones.—Baughan & Co. : :4 
& Davies... | Fibre.—David Moseley & Sons | Consol. Tel. Const. & M. Co. Sup. 8 | 
J. G. Statter & Co. 15 | Fire Insurance. Electric Telephone Co. 
Phœnix Fire Office Sup. 12 | Stanhope 
urg India Rubbe: Comb. -Sup.11 | Fuel Evconomisers. Universal Te one Co. … sto 
D. Moseley & Sons... E. & Son... we. | Tools. —Chas. Churchill & Co. Sup. 3 | 
North British Rubber Co. en Glass Mannfacturers - Turbines.—F. Nell _... > Sup. 8 
Hectrisal and Coutractors. Genl. Elec. Co., Ld. Binswanger. ) Sp. 10 Vulcanite (see Ebonite). 
— orks Sup. 1 | Incandescénce Lamps. | Watches (Non- Magnetic.) 
| R. Bolton & Co. “Woodhouse & Rawson United ... 11 Wire (covered). | | 
Callender’s Ritnmen ‘Tol. &c. en … 11 | India-Rubber. | Fowler-Waring Cables Co... 14 
Charlesworth, Hall & Co.... Sup. 19 | India Rubber, G. P.& Tel. Wks. Co. W-T.Glwer& 2 | 
Crompton & Uo... Sup. 20 D. Moseley & Sons W.T. Henley’s Teleg. Works Co. 
Drake & Gorham... À Sen 13 London Electric Wire Co. Sup. 1 |: 
| Electrical Eng. Corporation os | Price ” nn & Co me A Midland Electric Wire Co. woe 
0 ros. Sup. 20 : . i eee oes eee 
Indis-rubber 4 & l'e eluyraph Works Uo.20 | Lubricants. | United Wire 6 
Johnson & Phillips W. H. Willcox & Co. Woodhouse & Bawson. United... 11 
Laing, Wharton & Down... Sup. 4.| Manafacturing Rlectriclans. ~ Wire » (uncovered). re 
| | Paris & Scott eee eee Dorman & Smith see. see 9 & Timmins ... eee 18 
| | 19 Elliott Bros. Sup. 20 Camm & Co. .. 13 
eae sie sf & Dawson oe 20 | F owler, Lancaster & Co. Sup. 11& 12 F. Smith & Co. see eee eee 3 
| 80D8 ove 
| Reid Bros. 11 |. King, Mendham & Co. … Sup. 9 T. Barraclough & Co. 
Laurence, Paris & Scott … .... Wood Casings.—S. Elliott … Sup. 3 | 
| Scott … … Sup. 6 | 71 Genl. Elec. Co., Ld.(G. Binswanger.) Sup. 10 J - 
p & Kent | | J.F.& G. Harris … Sup. 3 | 
Smith & Co. 9 | Nalder Bron ne. 9. Vigers Bros. Sup. 12 
winburne & Co. … | Woodhouse & Rawson United | 
| BOOK ADVERTISEMENTS APPEAR ON 14 OF SUPPLEMENT. 
__. “ANSOTR ADVERTISEMENTS relating to Situations, Articles for Sale and Wanted, do, &0., appear on Sup. 11 (middle of paper.) | 
CROMPTON & CO. LIMITED se sup. 20. | 
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ELECTRIC LIGHT FITTINGS. 


date the Basis Electrical Exhibition of 8, BERNERS STREET, 
escen m 
' 1884, when they made the whole of the Electroliers in the Swan Exhibit. Works: 9 & 10, msn: un” 


INTERLOCKING THE LOCK 4 AND BLOCK. 


The peers ~ urged the the “Lock” and “ Block pa Lu connection between 


ments and working.” improvement, together Automatic haa 
acoomr ished ht into use on Messrs & FARM under of various Patents granted or 
Partioula Plans, and Ketimates, apply to to fa 


SAXBY & FARMER, Railway Signal Contractors Canterbury Road, KILBURN, LONDON, X. ¥. 
Manufacturers of Railway Signals, Cubins, Interlocking Levers, Block Instruments, and Signal Work of every description, Electrical and Mechantent, a 


DAVEY, PAXMAN & Co. Engineers, COLCHESTER, 


Devote special attention to 
STEAM BRGInES AND BOILERS REQUIRED FOR ELECTRIC LIGHT INSTALLER 


TE Telegraph Address :— 
+1: 
3 
Ha Hie 19 to 100 Sonnet 
Oo an ver 


DAYEY, PAXMAN & CO., COLCHESTER. 


Lonpon OrrFice: 139, QUEEN VICTORIA STREET, E.C. 2066 


MORDEY-VICTORIA 


ALTERNATE CURRENT SYSTEM 
CENTRAL STATIONS. 


200,000 


THE BRUSH ELECTRICAL ENGINEERING Co. dé 112, BELVEDERE ROAD, LAMBETH, LONDON. 8 SE. 


Telephone No. 3975. Telegrams: “DETEOTOR, LONDON.” 


PHIPPS DAWSON, 


_ SHOW Rooms: 58, BERNERS STREET, LONDON, S.W. 


ELECTRIC LIGHT ENGINEERS AND CONTRACTORS. 


| Complete Installations or Wiring only carried out promptly. All Work Guaranteed | 


Trade supplied. 
WorKs: WHLLS MEWS, W. 


4 


The Best Show of Fittings in London. | | 
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THE ACME ELECTRIC WORKS, 


(ARTHUR C. COCKBURN, M.I.E.E., Manager.). 
Supply Department and Head Office: PRINCES ST., HANOVER SQUARE, W. 
Factory: FERDINAND STREET, CHALK FARM ROAD, N.W. 


SOLE AGENTS FOR 


ROTY E’S DYNAMO 


FOR LONDON AND 54 MILES ROUND. 
MAKERS OF MAIN SWITCHBOARDS. 


Sole Manufacturers of Rooper's Patent Lampholder for High 
Candle-Power Lamps. 


M ‘MAKERS OF AYRTON & PERRY’S SPRING AMMETERS AND YOLTMETERS. 


Cockburn’s Patent Switches and Cut-Outs and Electric Light and | m. 
Apparatus of all kinds. ~ 


PRICE LSTs ow 


INDIA RUBBER, GUTTA PERCHA, & TELEGRAPH WORKS 


COMPAN Y, LIMITED. 


Offices: 106, CANNON STREET, LONDON, EC. 


MANUFACTURERS OF 


DYNAMO MACHINES, 


INSULATED ELECTRIC LIGHT WIRES AND CABLES, 


Lamp Fittings, Switches and Testing Apparatus, Volt and Ampere motors. 
CONTRACTORS FOR THE SUPPLY AND FITTING UP OF 


ELECTRIC LIGHT APPARATUS 


_ OF EVERY DESORIPTION. 


INSTALLATIONS FOR CENTRAL STATIONS, SHIPS, HOUSES, OR FACTORIES. 


HSTIMATEHS ON APPLICATION. 


Works: sce LONDON, E. 


ah. 


LONDON 


ANCHOR WORKS, PLAYHOUSE YARD, GOLDEN LANE, LONDON E. o. 
Manufacturers of 


COVERED WIRES & CABLES 


OF ALI, DESCRIPTION Ss 


FOR ELECTRICAL INSTRUMENTS, ELECTRIC LIGHTING, 


BELL AND THLHPHONH WORE, &O.m 
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| TELEGRAPH, TELEPHONE 


AND 


ELECTRIC LIGET 


LINE 


Every description of Material manufactured by 


THE TELEGRAPH MFG. CO. or margin, 


As supplied to Home and Foreign Governments, the Principal Railway, Telephone, 


and Electric Light Companies. | un 


THE GLOBE 


ENCINE. 


Simple, Economical, Durable. 


STANDARD ENGINE. STANDARD ENGINE. 
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DIRECT CONNECTED ENGINE AND DYNAMO. 


JOHN MUSGRAVE & SONS, 


LIMITED, 
GLOBE IRON WORKS, BOLTON. 


London | | 
S. & E. RANSOME & CO. 10, Essex St., Strand, W.C. 
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SAMUEL ELLIOTT, Albert Moulding Mills, Newbury 


gt 
1886. STAR DIPLOMA, LONDON, 1887 (a ~ 7, London Offices and Show Rooms: 
GOLD MEDAL, LOUE OF MERIT, BRUSSELS, 1888. $8, FINSBURY PAVEMENT, E.C., 
YER MEDAL, PARIS, 1880. GOLD MEDAL, YORK, 1889. (Opposite Moorgate Station). 
a FIRST MEDAL OF MERIT, COLOGNE, 1889. . ONE OF THE LARGEST MANUFACTURERS. 
GOLD MEDAL, BRIGHTON, 1890. All Correspondence addressed to Head Offices, Newbury. 


~ Manufacturer of all kinds of Wood Casings for Electric Wives yo" Cables in Yellow Deal, Pitch Pine, Oak, Mahogany, 


Walnut, &c., in in the best manner, struck clean and sharp. New Catalogue (No. 6) registered designs, containing numerous illustrations 


of Casings and Ornamental Covers. Every length of Cover stamped with Trade Mark. SPROIALITR:—Desion AND QUALITY. j¢x; 


PRICE, TALBOT & CO. Ltd. 


26, LUDGATE HILL, LONDON, E.C., 


ELECTRICAL ENGINEERS, PNEUMATIC AND ELECTRIC BELL FITTERS AND MAKERS — 
TO HER MAJESTYS OFFICE OF WORKS. 


Sole Agents and Manufacturers of McCleblan’s Patent Continuous Action Bells and Relays. 
FE Æ CATALOGUES AND ESTIMATES FREE 3681 
morons, DYRAMOS, | AMPEREMETERS, VOLTMETERS, and all APPARATUS connected with ELECTRIC LIGHTING SUPPLIED ON SHORTEST NOTICE. 


Chas. CHURCHILL & CO., Ltd., 


21, CROSS STREET, FINSBURY, LONDON, E.C., 
Engineers and Importers of . 


AMERICAN TOOLS AND MACHINERY. 


LARGE sHow ROOMS. 


“The Largest Stock of 
AMERICAN MACHINERY AND TOOLS NP 
in Great Britain. 


L.S.STARRETT, 
ATHOL, MASS. 


4) 


SCREW PITCH GAUGE, Sent for 1s. 3640 


DYNAMOS. 


THE “LAHMEYER” PATENT 
CONTINUOUS CURRENT DYNAMOS | 


Are the most efficient and cheapest in the market. 


FOR SHIP LIGHTING they are specially adapted. No 
Scattering of Lines of Force, therefore no magnetising 
of Compasses or Watches. 

NO SPARKING at Commutator. 

EFFICIENCIES up to 96 Per Cent. — i 
STOCK.—Machines can be supplied from stock vas a iw — — 
days’ notice. | 
One Thousand Machines Sold in Two Years. 

FULL PARTICULARS UPON APPLICATION. 


BOLLING & LOWE, 2, Laurence eosiduay Hill, 1, LONDON 


& J. F4. & G. HARRIS, Manufacturers to the Trade. # 


ELECTRIC LIGHT CASINGS | 


OVER 150,000 FEET, ready for immediate delivery, IN S'TOCE. 


COVERS ano CASINGS MADE to ANY DESIGN. 
& GHARRIS 


MAHOGANY & GENERAL 


TIMBER MERCHANTS. 
MOULDING MANUFACTURERS. 


OFFICES | 60.WILSON STREET, FINSBURY.E.C. 


| 
ORANGE STREET, GRAVEL LANE. SouTHWaRK.SE | LONDON. 
VICTORIA WHARF, TWIG FOLLY BRIOCE BETHNAL CG REEN E 5 


ano MILLS, 


m1 pee Quotations for Large Quantities. Sample Board, Catalogues and Price Lists forwarded on application. 2953 


GINEERS and CONTRACTORS should have our SAMPLE BOARD, It {s recognised as the most complete yet issued. 
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ALTERNATING CURRENT ELECTRIC LIGHTING APPARATUS. 


The Instalment of over 150 Central Station Plants has demonstrated the Alternating Transformer System to be Superior to all 
others for distributing current from a Central Station over small or large areas for lighting and power purposes. 


Pre SYSTEM OF 
Wire ELECTRIC TRACTION. 


wis 


1,000 MEGOHMS PER MILE. 


57 LINES IN SUCCESSFUL OPERATION. | 
86 NOW UNDER CONTRACT. 


W. 8. GRAFF BAKER, C.E., 
Manager Railway Department. 


LAING, WHARTON & DOWN, 


S2a, NEW BOND STREET, LONDON, W: wm 
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DYNAM 
MOTORS. 


ECTORS 


(Admiralty a and Military Type). 


SHAR C EL LAMPS. 


FOR PROJECTORS 


(RONALD SCOTT’S PATENT). 


MAIN SWITCHBOARDS 


Adopted by the Lords of the Gu ead and used throughout the Navy. 


LAMP, 


| Fittings of every joule EN either for Ship or House 
| | Lighting. | 


1e 


HILL ELECTRICAL WORKS 


LONDOIN, “VA. 
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NON-MAGNETIC 


WALTHAM WATCHES 


A full assortment in Key-winding and Keyless Open Face and Hunting ; 
also jth second Chronographs. 


THE HIGHEST TESTIMONIALS FROM ELECTRICIANS. 
Price Lists and Particulars on Application to 


H. W. BEDFORD, 
69, REGENT STREET, LONDON, W. 


SUNBEAM LAMP CO. 


 LIMITED, 


THE WHOLE OF THE 
FIVE COURTS 
OF THE RECENT 


SOLE 


“SUNBEAM” 


NEWCASTLE 
INCANDESCENT EXHIBITION 
1 Were Lighted with. 


LAMPS, 


600 (, P, HIGHEST AWARD. 


> 7 ji MA RECEIVING 
\ \ 


LOW RESISTANCE. 


19, CHARTERHOUSE STREET, HOLBORN CIRCUS, E.C. 


| 
Art etal orkers and of ight ittings 


IN IRON, æ À ELECTRICAL 
BRASS & COPPER. OF ALL KINDS. 


No. 2116—00s. 


ILLUSTRATED LISTS, SPECIAL DESIGNS AND ESTIMATES UPON APPLICATION. 


Head Offices & Works :—_PENGWERNE WORKS, SHREWSBURY. 
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FOR EXPORT TO ALL PARTS OF THE WORLD. 
THE CONSOLIDATED TELEPHONE CONSTRUCTION & MAINTENANCE C0. LIMITED 


ES OF No. 109 FARRINGDON ROAD, LONDON, E.C., 


‘Are the SOLE LICENSED 
MANUFACTURERS of TELE- 
PHONES for Export and for 
ss use in the United Kingdom, 

_ under LICENSE granted to 

the Company by the UNITED 
TELEPHONE COMPANY of 
London (now the NATIONAL 
TELEPHONE COMPANY. 
NO TELEPHONES can be 
manufactured by any person or | 
Company (other than the CON- 
SOLIDATED TELEPHONE 
COMPANY) in the United King- 
a dom, and the said Company 
ul, offer a substantial reward for 
= sufficient evidence as will 

"in WHI enable proceedings to be taken 
—_— against infringers of these 
rights. 


CATALOGUES AND PRICE LISTS ARE 70 (ime 
BE HAD FREE ON APPLICATION. 
THE CONSOLIDATED TELEPHONE COMPANY is prepared to supply TS 

the celebrated SIMPLEX ARC LAMP, which burns with great me VAT 

and steadiness, both in — and alternating current circuits. 2022 Ty 


| 
| |! 14] 


CA 


Two 30-inch Victor Turbines fixe 
on à Horizontal Shaft, and giving out 
over 500 H.P., are at work driving 
THE LARGEST DYNAMO IN THE 
WORLD for Messrs. the Cowles Elec 
tric Smelting Company, Lockport 
N.Y., and Two 12-inch giving out 
166 H.P., and driving a No.8 BRUSH 
M DYNAMO, for the Aspen Electric 
Company, Aspen, Col 


THE BABCOCK & WILCOX CO. 


PATENT 


WATER: TUBE STEAM BOILER 


Specially adapted and generally used for 


ELECTRIC LIGHTING PURPOSES 


in al 
The Edison Company have ifi use upwards of 10,000 H.P. of these boilers 
arts of the world. mt x portant lation = be seen at work at the Creed 


Salley, London. The Societa ta Anglo-Roi *Tiluminazione di at wort 
se, for a considerable 400 HP. They may be seen, 


at the installation of the per. am inazione J one eters ca, P an an 
ontinen as on, Grand 
ant insta fallation « of these boilers in connection with wh the lighting of the | 
ouse in Vienna. 
| In connection with ELECTRIC LIGHTING, the reliability bility that an be Ped 
_ these boilers has} led to their preference ove r others, and has 
increasing trade of the Company. 


A VALUABLE BOOK ON STEAM FREE ON APPLICATION. 


European Works: KILBOWIE, near , near GLASGOW. 

se | Head Office for Europe: 107, HOPE ST., GLASG 
London Office: 144, NEWGATE STREET, E.C. 

Manchester ( Mee: %8, DEANSGATE, Paris 20, BOULEVARD VOLTAIRE. Brussels: 44, PLACE DE BROUCKERE, BRUSSELS. 


FOR AUSTRALIA AND NEW ZEALAND, ADDRESS— a wh 


| THE VICTOR TURBINE 


Possesses more than Double the Capa- 

city of other Water Wheels of same ( wheel. Hd-inft HP. nf] eect. 
diameter, and has produced the best 15 in. .. 1806 .. 9017 .. 
results on record, as shown in the | 5642: :: ae 
following tests at Holyoke Testing 35 in. 1790 .. 65°62 ‘8584 
WITH PROPORTIONATELY HIGH EFFICIENCY AT PART-GATE, 


Such results, together with its nicely-workin A gate, and simple, strong, and durable GRR lu) 
should favourably commend he attention of ALL discriminatin ng 
These Wheels are of very superior workmanship and finish, and of the bes 
material.—State req ments, and send for catalogue to 


FREDERIC NELL, 16, Mark Lane, LONDON, E.C. © 
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TELEPHONE, No. 3120. Telegraph Address: “‘SECOHM,” LONDON. 


TESTING INSTRUMENTS 


FOR ALL PURPOSES. 


Thomson and other Galvanometers, Wheatstone Bridges in Platinum Silver or 
German Silver, Legal Units with Cambridge Certificates, Dr. Muir- 
head’s Patent Standard Cell, Ammeters and Voltmeters for Direct 
and Alternating Currents manufactured and in . stock. 


; 
|| 
Î 
| 


Legal Unit. 


Large Wheatstone Bridge. 


Co.'s Pattern Square Case ~NEW ILLUSTRATED PRICE LIST 1S NOW READY. 


Thomson Gal vanometer. D’Arsonval Galvanometer. 


NAL DER BROs. & Co., 


132, HORSEFERRY ROAD, WESTMINSTER. | 2806 


ALDER BROS, 


WESTERN BLECTRICAL BRISTOL, 
= Manufacturers of 


WIMSHURST INFLUENCE ELECTRICAL MACHINES 


Of New and Improved Pattern, with and a er À New a double or quadruple p a. Acknowledged to be the best finished 
m machines 


Electric Bells and Indicators, Automatic Gas Lighting Mes 3 El M. B. Patent Pocket Galvanometers 
Deprez-D’Arsonval and other Galvanometers, Resistance Coils, Metre and Wheatstone, Bridges, Morse 
_ Sounders of special pattern, Lightning Conductors supplied and erected, and thorough efficiency guaranteed. 

NEW PRICE LIST, POST FREE, 4j. Telegraphic Address: “KINGHAM BRISTOL.” £061 
Specially Compiled List of Electrical Publications, Post Free 2d. 


STEPHENS, SMITH CO. 


ER Millwall, LONDON, E. 


ELECTRIC LAUNCH BUILDERS, ° 
= 
ELECTRIC TRAMCAR- Ps Engineers ESTIMATES GIVEN 


VANUFAGTURER 74 and 


SHIP LIGHTING 
DYNAMO REPAIRS | | ELECTRICITY. 


Boiler Makers vad 


SPECIALITY, 
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ELECTRIC 


LIM (TED 


BINSWANGER,Ÿ (OF LONDON AND MANCHESTER) “You 


Managing Director. 

“Chanel Street, MANCHESTER, 
: Head Office the Man 
and Warehowes:— 7], QUEEN VICTORIA ST. | ve 
LONDON, EC vt 


CONTRACTORS, 


We have now nearly completed WE ar 


the nee 
our patented keenly 


Fi. |. {. I. SYSTEM 


(High Insulation.) the de] 


CEILING ROSES,  ELECTRICAL FITTINGS, || “* 
S.P. CUT-OUTS, and desire to inform the Trade | | “M 
D.P. CUT-OUTS, that, owing to the extensive scale |E our 


on which we are now manujÿac- whole 

SWITORES, turing these fittings we are mb pol 
WALL PLUGS, to supply them at the on 
SAME PRICES 
| USUALLY CHARGED FOR 
ORDINARY ONES. = 

in a fe 

| Kensi 
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AS THEY HAVE THE FOLLOWING GREAT ADVANTAGES: |} =. 
No conducting metal parts at back, se 
Impossibility of leakage, Easily wired and fixed, | sag 
Practical design and finish, 2. vu 
Impossibility of short circuit, pb 
T'horoughly durable, 
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Beispielen dargestellt  …. ave ose 
L’Année Electrique ou Exposé Annuel des Travaux 


Oliver J. Lodge’s Lightning or other High Tension Current 
Protectors (illustrated) .., oes sve 


The Walker Electric Meter (illustrated co. vee ae 459 
Den Current between Wheel and Rail Increase Traction? 460 
Edinburgh Exhibition _... ese 461 
Kennedy's Alternating Electro-motor (illustrated) ... 462 


Some Tests on the Efficiency of Alternating Current Ap- 

Phenomena of Alternating Current Induction (illustrated)... 471 
Paddington and the Electric Light ove ove 
Electrical Trades Section, London Chamber of Commerce ... 475 


Legal :—Re Edward Moross oe . we 475 
An Electric Lighting Dispute ote eee … 475 
Abstracts of Published Specifications ... eve ses … 476 
Correspondence :—Vulcanised Fibre... … 476 
Insulation Resistance... eee 476 


A BRILLIANT BUT UTOPIAN DREAM. 


WE are now fast approaching the summer of 1890, and 
the need for electric lighting generally will not be so 
keenly felt as during the dark days through which we 
have passed, although in the matter of coolness it may, 
in certain places, be even more desirable now than in 


the depth of winter. Our purpose, however, is not to 


institute comparisons between the seasons, but rather 
to draw attention to the time which elapses between 
the making of a promise and its fulfilment. 

Before us is a cutting froma the Financial News of 
October 24th, 1888, containing an article entitled “ The 
Resurrection of Electric Lighting.” The satire of the 
whole thing, as viewed at the present moment, lies in 
the fact that the saviour of the electric lighting 
industry was then discovered in the London Electric 
Supply Corporation. Its humble origin as an offshoot 
of the Grosvenor Gallery was alluded to in brief terms, 
but the exceptional scientific and businesslike abilities 
of Lord Crawford and his friends were enlarged upon in 
such a manner as must have caused à blush to mantle 
his lordship’s countenance. We were then assured, in 
à manner evidently inspired by those who knew, that 
ina few months the whole of central London, from 
Kensington to the Monument, would have the electric 
light placed within its reach, and that from a huge 
manufacturing centre at Deptford the electric current 
would be distributed through every leading thoroughfare 
of the metropolis. Eighteen months have passed away, 
and we seem to be no nearer the grand coup which the 
Financial News evidently considered was then on 
the point of approaching finality, and the move- 
SA of the London Electric Supply Corporation are 
creating a feeling akin to alarm in the minds of the 
Public interested in the future of the electric lighting 
industry, 

to Industries said last week, 
light station proves a failure 
Far Goa es not being satisfactory, there is no 

| ‘twill have an injurious effect on the public 


mind as regards electric lighting in general.” That the 
cables, so far, have proved to be unreliable is well 
known, and it is equally patént to everybody that 
before success can be assured conductors must be laid | 
capable of sustaining the strain put upon them. But 
why does Mr. Forbes hint that the Corporation may 
have recourse to law to recover damages for unworkable 
construction or want of skill? Surely these firms who 
have supplied him with cable have done so under 
definite specifications, and we can hardly think it 
possible that any of them were rash enough to guarantee 
a perfect insulation on a long length of line subjected 
to a 10,000-volt pressure. Until we learn more of the 
conditions under which the supply of leads was carried 
out, we cannot entertain the idea that the breakdowns 
should be credited to the manufacturers, and we trust, 
that Mr. Forbes will not, for his company’s sake 
be tempted to try conclusions in a court of law. 
People might be unreasonable enough to think 
that such a proceeding was akin to making a 
scapegoat of somebody for failures which were pre- 
dicted long ago, although the warnings were culpably 
ignored. Still, as the writer above mentioned very 
pertinently remarks, the names of those cable manu- 
facturers who turn out bad work and disobey 
instructions ought, in justice to other central station 
engineers, to be made public. However, we give 
Mr. Forbes credit for considerable astuteness, and we 
therefore assume that his half threat was “one of 
those indefinite assertions frequently made by chair- 
men at company’s meetings.” | 

One weekly organ which seems to implicitly believe in 
the Ferranti mains, says that the reports of their failure 
are entirely devoid of foundation. “ Recently a length 
of main, consisting of some 30 or 40 lengths, was tested 
with transformers up to 18,900 volts without failure. 
The mains are considered quite satisfactory, and tons 
of the lengths are being manufactured.” Now, it will 
be remembered that the Ferranti conductors are built 
up in. sections of 20 feet, so that the maximum length 
tested could not, if our contemporary is correct, have 
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45, Chapel St 
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H. I. I. SYSTEM 
CEILING ROSES, ELECTRICAL FITTINGS, 


WALL PLUGS, 


to supply them at the 
LAMPHOLDERS, 
| &c. 


SAME PRICES 


USUALLY CHARGED FOR 


ORDINARY ONES: 


No conducting metal parts at back, 
Impossibility of leakage, Easily wired and fined, 
Practical design and finish, 

Impossibility of short circuit, 

Tho» ‘oughly durable, 

Ana as the BEST is the CHEAPEST, 
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A BRILLIANT BUT UTOPIAN DREAM. 


WE are now fast approaching the summer of 1890, and 
the need for electric lighting generally will not be so 
keenly felt as during the dark days through which we 
have passed, although in the matter of coolness it may, 
in certain places, be even more desirable now than in 
the depth of winter. Our purpose, however, is not to 
institute comparisons between the seasons, but rather 
to draw attention to the time which elapses between 
the making of a promise and its fulfilment. 

Before us is a cutting froma the Financial News of 
October 24th, 1888, containing an article entitled “ The 
Resurrection of Electric Lighting.” The satire of the 
whole thing, as viewed at the present moment, lies in 
the fact that the saviour of the electric lighting 
industry was then discovered in the London Electric 
Supply Corporation. Its humble origin as an offshoot 
of the Grosvenor Gallery was alluded to in brief terms, 
but the exceptional scientific and businesslike abilities 
of Lord Crawford and his friends were enlarged upon in 
such a manner as must have caused a blush to mantle 
his lordship’s countenance. We were then assured, in 
à manner evidently inspired by those who knew, that 
inafew months the whole of central London, from 
Kensington to the Monument, would have the electric 
light placed within its reach, and that from a huge 
manufacturing centre at Deptford the electric current 
would bedistributed through every leading thoroughfare 
of the metropolis. Eighteen months have passed away, 
and we seem to be no nearer the grand coup which the 
Financial News evidently considered was then on 
the point of approaching finality, and the move- 
ments of the London Electric Supply Corporation are 
creating a feeling akin to alarm in the minds of the 
public interested in the future of the electric lighting 
industry, 

If, as a correspondent to Industries said last week, 

“The Deptford electric light station proves a failure 
owing to the cables not being satisfactory, there is no 


rs that it will have an injurious effect on the public 


mind as regards electric lighting in general.” That the 
cables, so far, have proved to be unreliable is well 
known, and. it is equally patent to everybody that 
before success can be assured conductors must be laid | 
capable of sustaining the strain put upon them. But 
why does Mr. Forbes hint that the Corporation may 
have recourse to law to recover damages for unworkable 
construction or want of skill? Surely these firms who 
have supplied him with cable have done so under 
definite specifications, and we can hardly think it 
possible that any of them were rash enough to guarantee 
a perfect insulation on a long length of line subjected 
to a 10,000-volt pressure. Until we learn more of the 
conditions under which the supply of leads was carried 
out, we cannot entertain the idea that the breakdowns 
should be credited to the manufacturers, and we trust, 
that Mr. Forbes will not, for his company’s sake 
be tempted to try conclusions in a court of law. 
People might be unreasonable © enough to think 
that such a proceeding was akin to making a 
scapegoat of somebody for failures which were pre- 
dicted long ago, although the warnings were culpably 
ignored. Still, as the writer above mentioned very 
pertinently remarks, the names of those cable manu- 
facturers who turn out bad work ard disobey 
instructions ought, in justice to other central station 
engineers, to be made public. However, we give 
Mr. Forbes credit for considerable astuteness, and we 
therefore assume that his half threat was “one of 
those indefinite assertions frequently made. ies chair- 
men at company’s meetings.” 

One weekly organ which seems to impliottty believe in 
the Ferranti mains, says that the reports of their failure 
are entirely devoid of foundation. “ Recently a length 
of main, consisting of some 30 or 40 lengths, was tested 
with transformers up to 18,900 volts without failure. 
The mains are considered quite satisfactory, and tons 
of the lengths are being manufactured.” Now, it will 
be remembered that the Ferranti conductors are built 
up in sections of 20 feet, so that the maximum length 
tested could not, if our contemporary is correct, have 
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exceeded 800 feet, less than 3th of a mile. This con- 
ductor, we may add, simply extended round the central 
station, and cannot, therefore, be considered in the light 
of a practical test for duration. 

“ The engineers avow themselves thoroughly satisfied 
with the result both of the dynamos and the mains, and 
the work bas all been carried out as originally proposed 
and determined.” We would ask whether any of the 


engineers have had any greater experience than Mr. 


Ferranti himself; if not, how much value should be 
attached to their opinions? Are they not all learning 
the lesson of bitter experience which all young 
enthusiasts who will not listen to the advice of those 
who have been through the mill, must acquire ? 

It is really time that something should be done to 
enable the public to accurately gauge the chances of 
the Deptford installation. The Corporation gives but 
little definite information, and rumour may in conse- 
quence be exaggerated ; it is, therefore, to the interest 
of Mr. Forbes and his co-directors to state frankly the 
position in which they find themselves. 

“It is roughly estimated,” said the inspired article 
in the Financial News, “that London requires an 
average of one light per head of the population—say, 
five million lights. The Earl of Crawford’s company 


has put its shoulder to the herculean task of supplying 


at least one-half of the five millions. The prosaic 


reader may shake his head at this asa brilliant but 


Utopian dream. All we have to reply is that there is 
going to be nothing dreamy about the 10,000 horse- 
power engines, or about the dynamos 40 feet high, 
which are to be coupled with them, or about the 
electric cables which are to be run into London over 
all three of the Southern railways, and to radiate from 
every railway terminus from Cannon Street to Ken- 
sington.” ‘ In its manufacture electric light is 
doubtless dearer than gas, but in distribution it should 
be much cheaper, and in maintenance there ought to 
be no comparison between them.” 

In the face of all this, what has the Corporation to 
say on the results of the past eighteen months ? 

We fear that if the truth were known there is no 
comparison between them, only that gas takes the place 
which our financial contemporary allotted to the elec- 
tric light. Let it be understood, however, that we in no 
way venture to think this is the case with other com- 
panies who supply electrical energy. 


A REMARKABLE paragraph, emana- 

ting from its Madrid correspondent, 
appeared in the last issue of Industries, 

Reference was made to a system of electric lighting 
with a new primary battery invented by a Major 
Cabanyes, but no technical details were given as to the 
nature of the battery. The correspondent, in referring 
to a public exhibition of the battery, says :—“ Of 
course, some very extensive details were given as to 
the commercial value of the system, and it is quite pos- 


sible that it could compete with the dynamo central. 


stations which are now being erected in Madrid, on 
account of the absurdly high prices demanded by the 


| 


latter.” The highest price to be charged in Madrid jg 
1s. 4d. per 1,000 watt-hours, and this corresponds tp 
gas at 13s. 4d. per 1,000. The correspondent’s state. 
ment, which was doubtless published in the absence 
of the electrical editor, is about as valuable as that of 
most others in regard to primary batteries. cn 


IN a critical article on “Samples of 
Current Electrical Literature” in oyp 
| contemporary, Nature, the writer 
draws attention to an illustration of an apparatus for 
ascertaining the laws of the production of a current 
in a coil by the insertion or withdrawal of a magnet, 
in which the coil is represented as being so close to 
the galvanometer that the movement of the magnet 
itself would, by its direct influence on the needle, affect 
the latter and apparently indicate the passage of a 
current. The general question of illustrations for 
scientific books is an important one, and is one to 
which sufficient attention is not, as a rule, paid; there 
is scarcely a single text book on electricity, for example, 
in which we do not find in the chapter on “ Tele. 
graphs,” illustrations of apparatus which are utterly 
unlike those that are actually in use. A very little 


Technica Book 
Illustrations. 


trouble would save all this and vastly add to the 


utility of the book. 


AS our readers will see in “ Notes” 
columns the Central London Railway 
is the subject of an official enquiry by 
a select committee of the House of Commons, There 
has been an organised opposition, from the incep- 
tion of the scheme, by tradesmen along the line of 
route who expect a reduction of business, by vestries 
who deemed they had a right to be heard, and by pro- 
perty owners who consider their possessions in danger. 
Looking, then, at the nature of the opposition, we find 
it has little of reason to recommend it. The railway, 
if built, will not be used from end to end by shoppers, 
but rather by those whose business it is to get to the 
busy haunts of men as quickly as conveyance will carry 
them, whether by omnibus, cab, or railway, therefore 
we fail to see the anticipated loss of business, unless 
shopkeepers consider travellers to and from the 
City by seeing their wares become customers. The 
vestries, of course, are almost bound to oppose any 
scheme of which they are not the originators, 80 it 
counts for little. The strongest argument will be 
brought by those who are the owners of valuable 
buildings which lie along the intended line, but as the 
engineer, Mr. Greathead, says, this feeling of fear should 
cease to exist, when it is guaranteed that at no point 
will the top of the tunnel be within 30 feet of the bottom 
of any cellar. | 


Central London 
Railway Bill. 


A CERTAIN Mr. Jasper H. E. Nicolls 


The London 


County Council, as published a brochure advocating 
the purchase of the London tramways 

by the County Council ; he particularly advocates that 
the Council should not allow the Bills now being pro 
moted by two of the companies for the purpose of 
adopting electric traction to be passed without certain 
conditions, it being argued that if these conditions ar 


not insisted on, the Council will afterwards have con- 


siderably more to pay to buy the companies out. The 
advisability of the Council acquiring the tramway 
system would, we imagine, be endorsed by few. 
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the ratepayers would gain generally by such an arrange- 
ment we much doubt ; the tramway system is not, like 
the penny post, a universally used institution, and pro- 
bably the majority would object to be taxed for the 
benefit of the few, especially as the proceedings of the 
County Council have, up to the present time, not shown 
that vast improvement over the defunct Metropolitan 
Board of Works, either as regards economy or efficiency, 
which was promised. 


THE opinions of the English authori- 
ties on high tension underground cir- 
cuits which we reproduced last week 
from the New York Electrical Engineer, are either 
thought to be of very little value, or else the subject is 
too difficult for others to handle. We expected that 
quite a number of correspondents would have taken 
this matter up, but nobody seems to be able or willing 
to do so, although there is much in the replies to call 
for comment. If the London Electric Supply Cor- 
poration would formulate a similar series of questions 
applying to the 10,000 volt scheme and the Ferranti 
conductors it might, perhaps, bring forth a series of 
answers of value to the electric lighting industry here ; 
those of last week applied mainly to American practice. 


The Opinions of 
Experts. 


THE transactions of the Insurance 
and Actuarial Society of Glasgow con- 
tain a paper, just issued, on “Fire 
Risks due to Defective Installations of the Electric 
Light,” by Prof. Andrew Jamieson. The lecturer was 
very careful to insist upon good insulation with a 
material which should be of uniform quality through- 
out, impervious to damp or changes from a humid to a 
dry atmosphere, and lasting in its qualities. Quite re- 
cently he bad been called upon to inspect some leading 
wires which had been eaten through in the following 
peculiar manner :—The wires had been run underneath 
the urinal of a w.c. without any other protection than 
a single coating of pure rubber strip and the usual 
serving of cotton and tape common to low-clase insu- 
lated conductors. Some urine had found its way to the 
conductor through the imperfect insulation, with the 
result that the conductor was eaten away to less than 
half its original dimensions, and fused before even 
bringing into aid the “ cut-outs” or safety fuses. Both 
forward and return leads were close together, and an 
evident partial short-circuiting of the current had also 
taken place. The building was thus jeopardised, and 
yet it was duly insured by one or more insurance com- 
panies without ever having been inspected by a qnali- 
fied expert before the insurance was effected. 


Insulation. 


PROF. JAMIESON, who, as our readers 
are aware, gained much of his experi- 
| ence as a submarine cable expert, is 
very hard upon the usual manner of jointing electric 
light conductors :—He says :—“ You may have the best 
conductors covered with the very best and most lasting 
material, but unless the joints are thoroughly well made 
and equal in insulation resistance to at least the same 
length of the cable or branch leads, leakage or evèn a 
Serious fault may occur at them. I have never yet met 
With a really skilful electric light contractor's jointer. 

n the manufacture, laying, and repairing of submarine 
cables, the jointer is well paid, and never hurried or 
“dgered to push on with his work. He is, moreover, 
hever permitted to make important joints until he has 


Importance of 
Perfect Joints, 


proved himself thoroughly competent for the work by 
long practice on specimen joints, under the supervision 
of the leading jointer or the electrician in charge. 
Some men will never make good jointers, from their 
naturally carejess, dirty, slovenly habits. The good 
jointer keeps his hands, tools, and materials beautifully 
clean and in good working order; in fact, he takes a 
special pride in hiscraft. He feels that he has a repu- 
tation to keep up, and he would rather forfeit a week’s 
pay than make a bad joint. Submarine cable joints 
are, whenever possible, tested with at least 100 times 
the normal working pressure, and not passed unless 
they are equal in insulation resistance to at least double 
the length of standard cable core. Electric light con- 
tractors would do well to take a lesson from the rigid 
but necessary system of perfect jointing, more especially 
in the case of high-pressure alternate current circuits.” 
During the lecture specimens of faulty joints were 
handed round. These joints had been cut out by 
the lecturer from several installations in the course of 
his official inspections, and they were severely com- 
mented upon by him. Specimens of thoroughly well 
made and reliable joints, as supplied by the India- 
Rubber and Gutta-Percha Company, of Silver- 
town, in accordance with their diagrams and direc- 
tions, found in Munro and Jamieson’s Pocket-book, 
pp. 230 to 234, were also exhibited, as well as the 
joints in the new Fowler-Waring cables. All that Mr. 
Jamieson insists upon here has been brought before the 
notice of our readers over and over again, but it seems 
to necessitate the authoritative stamp of a Professor to 
bring these self-apparent truisms home to the multi- 
tude ; if, therefore, electrical contractors are made more 
careful by reading these strictures upon their work, we 
shall consider the space we devote to the subject of 
this lecture not taken up uselessly. 


WE may mention here, curiously 

Coincidences,” 

has finished the pamphlet from which 

we have quoted, he read our last week’s leader, and 

the ideas there formulated correspond, he says, entirely 
with his own. : 


WE do not think that anyone will 
care to question the truth of Prof. 
Jamieson’s comments upon fire rules 
and regulations. He has come to the conclusion, after 
due consideration, that it is not worth while, except as 
a mere advertisement, for more insurance companies 
rules, since they have those issued by the Institution of 
Electrical Engineers, by which they can always demand 
that the work ehall be done, and if a contract is carried 
out, in full accordance with the same, there can be 
little or no fear from fire risks. The Phoenix Fire 
Office rules have been of great service, and they are in 
many respects most complete and praiseworthy, but 
they leave so much to the discretion of their inspectors, 
that unless they are all skilled electricians, with a com- 
plete knowledge of all the technical details, and 
capable of taking accurate electrical tests with their 
own or certified apparatus in an unbiased manner, they 
will find it difficult to thoroughly enforce and check 
them in every detail. The Westminster Fire Office 
rules seem to Mr. Jamieson to be easier of application, 
as there is no mention whatever of requiring the 
inspector’s opinion, and they have the further merit of 
conciseness without being hampered with many riders, 


Fire Risk Rules, 


enough, that just as Prof. Jamieson 
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RESEARCHES ON THE ELECTRIC PROPER- 
TIES OF RAREFIED AIR. 


ALL modern electricians who keep themselves abreast 
of the times are familiar with the excellent work of 
Prof, Poynting and of Mr. Oliver Heaviside, the wide 
scope of whose investigations into difficult fields of 
research form a remarkable example of the power with 
which the problems of science are being grappled with 
at the present day. Prof. Poynting has done much to 
develop the splendid mathematical results of the Jate 
Clerk-Maxwell, whose name stands pre-eminent 
amongst the representatives of the great English school 
of mathematical physicists. He has taught us how 
to distinguish between the flow of electricity and the 
flow of electrical energy, and has thrown much light 
upon the manner in which electro-magnetic energy is 
transmitted. Of Mr. Heaviside we may say, borrowing 
from a sentence in Prof. Oliver J. Lodge’s lecture on 
“The Discharge of a Leyden Jar,” “his profound re- 
searches into electro-magnetic waves have penetrated 
further than anybody yet understands into the depths 
of the subject, and whose papers have very likely con- 
tributed partly to the theoretical inspiration of Hertz.” 

Evidence of the accuracy of Prof. Lodge’s estimate of 
Mr. Heaviside’s work, as far as it affects the splendid 
generalisation and experimental results of Dr. Hertz, of 
Carlsruhe, is continually being brought forward. Quite 
recently Dr. Hertz has succeeded in obtaining an 
experimental realisation of one of the ideas held in 
common by Prof. Poynting and Mr. Heaviside con- 
cerning electric oscillations, vide Wiedemann’s Annalen 
der Physik und Chemie, T. xxxvii., p. 395. 

It is believed that the electric oscillations in a wire 
take their origin at its surface ; that they are extremely 
rapid, and that, while remaining practically superficial 
in character, they penetrate more or less into the 
interior. Dr. Hertz devised a sort of cylindrical cap 
which should serve to figure the conducting wire; 
twenty-four very fine wires were arranged between two 
metallic discs, the centres of which were connected by 
means of a sort of metallic axis which could have its 
metallic continuity interrupted by a “sparking ” micro- 
meter placed on the axis. With this arrangement Dr. 
Hertz has succeeded in demonstrating that an electric 
oscillation does confine itself practically to the surface 
of a conductor, for it does not produce sparks in the 
micrometer that is placed on the axis which traverses 
the centre of this conductor. 

These experimental results have induced M. J. Moser 
to direct his attention to the action of electric oscilla- 
tion in rarefied air. In his investigations, the results of 
which were communicated to the Paris Academy of 
Science on February 24th,* 1890, he used rarefied spaces, 
without any metal or electrode of any kind, as con- 
ductors for the oscillations. 

It has often been observed that tubes of rarefied air 
become luminous when they are in the immediate 
neighbourhood of an induction coil that is being worked, 
but such tubes, according to all accounts, have been of 
the Geissler type, and have consequently been furnished 
with metallic electrodes which traversed the glass, or 
with electrodes which were simply applied to the ex- 
terior surface of the glass, like those of Gassiot. Moser’s 
experiments, however, were carried out with tubes 
which were not then provided with metallic electrodes. 
The presence of the electrodes has hitherto always com- 
plicated the attempt to explain the phenomena which 
occur, and Moser believes that the elimination of these 
disturbing factors will tend to simplify the solution of 
many difficult problems in physics. 

The arrangement devised and adopted by Moser was 
as follows :—A glass tube of air, 40 cm. long and 3 mm. 
in diameter, had its contents rarefied by means of a 
Geissler pump, after having been sealed off before the 
blow-pipe ; this tube was then enclosed in another 
glass tube of 10 mm: diameter, and rather more than 


40 em. in length. The exterior tube was sealed up atone . 


end, and at the other it was hermetically connected 


* See ExectricaL Review for March 7th, 


with a Geissler air pump. The rarefaction of the inne 


tube remains, of course, invariable, whilst that of the 
outer tube can be varied at pleasure. 

When such an arrangement is brought into the 
neighbourhood of an induction coil in action the inner 
tube becomes brilliantly luminous, showing a cles 
blue colouration without any lines of stratification jf 
the outer tube has not yet been exhausted. When, 
however, the outer tube is exhausted, and its rare. 
faction varied, whilst that of the inner tube remaing 
always constant, some remarkable phenomena are 
noticed, accompanied by unexpected variations in the 
colour of the luminosity. 

These seem to show, according to Moser, that three 
states of rarefaction are to be distinguished, thege 
states of rarefaction being characterised by different 
electrical proportions. Thus air which conducts the 
induced charge when it is at a pressure of 1 mm. be. 
comes insulating when the rarefaction is carried to the 
extreme limit—in fact there are three states of rare. 
faction which may be described as 


_ I, Ordinary vacuum (insulating). 
IT. Vacuum 1 mm. pressure (conducting). 
III. Extreme vacuum (insulating). 


It is a well-known fact that Geissler tubes, which are 
furnished with metallic electrodes, after having been 
subjected to extreme rarefaction, refuse to conduct the 
passage of the electric discharge, and this phenomenon 
has been the subject of much discussion. Some 


physicists have explained it by supposing the vacuum : 


to possess insulating properties ; whilst others, again, 
have attributed it toa property of the surface of the 
electrodes, assuming that they offer, under certain 
circumstances, great resistance to the passage of the 
discharge. In Moser’s experiments there are no elec- 
trodes, so this latter theory breaks down, and the 
phenomena cannot be due to the resistance and passage 
at the surface of the electrode. It is indirectly con- 
nected then in some way with the properties of 
vacuum. 

Since the results of these experiments were com- 
municated M. Moser has been directing his attention 
to the study of the specific inductive power of spaces 
of rarefied air, and he gave an account of his more 
recent investigations to the Academy of Science at 
Paris about a fortnight ago. 

Tho specific inductive power was measured in rela- 
tion to the then states of rarefaction, which have been 
already alluded to. In studying the problem Moser 
made use of the following apparatus :—A large Leyden 
jar was constructed with a double bottom and double 
sides in such a way that it was possible to rarefy the 
air in the annular space between the doublesides. The 
internal surfaces of the glass, which limited the air in 
the annular space, was covered with layers of silver 
foil; these layers served as armatures ; they were insu: 
lated, the one from the other,and communicated with the 
exterior by means of electrodes. The layer of air between 
these armatures formed, as it were, the dielectric. _ 

A Geissler pump was connected with the Leyden Jar 
in order to produce the necessary degrees of rarefaction, 
and these by means of a well-known device could be 
easily measured. The pump was also connected up 
with the system of concentric tubes which are described 
in the first part of the paper, and which was used to 
demonstrate the variation in the conducting power of 
varying degrees cf rarefaction. An ordinary Geissler 
tube was also connected up, by exciting which it was 
possible to estimate the extent of the rarefaction when 
the manometershowed no appreciable alteration of 1-vel. 

Moser then determined the conductivity and also the 
specific inductive power of this system of rare : 
spaces, all disturbing influences being carefally 
allowed for or eliminated. The measurements were 
then made by well-known methods, the only difficulty 


being the precaution necessary to be taken in order to — 


avoid error. In these measurements a quadrant electro- 
meter was used of the kind known as the Mascarl- 
Carpentier, and with the induction coil and the con- 
stant battery a Sabine key was employed. 
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In one series of experiments the quadrants of the 
electrometer were charged with five Latimer-Clark 
glements, and. the Leyden jar by means of 150 voltaic 
glements consisting of zinc, water, and copper, but 
wishing to simplify matters, and at the same time to 
intensify the results for which he was seeking, M. 
Moser eventually charged the Leyden jar with a 
Zamboni pile and the quadrants by means of a simple 
Latimer-Clark element. 
meter is the function of a product, and by modifying 
the experiment in the way thus indicated Moser suc- 
ceeded in increasing the factor which he wished to 
observe, whilst at the same time preserving the value 
of the product. The jar was always charged for 
exactly the same time—namely, one minute—so that 
the results were strictly comparable. | 

For these states of rarefaction the following devia- 
tions were observed :— 


I. II, III. 

10 mm. of Ho, 1 mm. of Ho, Extreme vacuum. 
318 318 318 
318 320 320 
318 320 320 


These results conclusively demonstrate that there is 
practically no variation of the specific inductive power 
when the rarefaction is varied. 

Spaces of rarefied air therefore exhibit two re- 
markable electric properties—namely, the variation of 
their conductivity, and at the same time the constancy 
of their inductive power. 


STATISTICS OF ELECTRIC LIGHTING IN 
MASSACHUSETTS. 


THE total capitalisation of 102 electric light companies 
doing business in the State is $4,837,085. During the 
year 15 companies paid dividends varying from 1 to 
21 per cent., this last including an extra dividend of 15 
per cent. The total amount of the dividends was 
$172,372 10c., which, on the basis of the total capitali- 
sation of 102 companies, is equal to about 3°56 per 
cent. 

The first electric light company incorporated in the 
State was the Lowell Company in 1881, that being the 
only company incorporated that year. In 1882 there 
were three companies incorporated, at Lawrence, Salem, 
and Taunton ; in 1883 there were four companies in- 
corporated, at Brockton, Fall River (2),and Worcester ; 
in 1884 one company at New Bedford ; in 1885, three ; 
in 1886, 13 ; in 1887, 14 ; in 1888, 31 ; and in 1889, 54. 

On June 30th, 1889, there were in use in the State 
for electric light purposes by incorporated companies 
171 boilers rated at 19,925 horse-power, 199 engines of 
a total rated capacity of 18,812 horse-power, and 358 
dynamos. Water-wheels were used to the amount of 
045 horse-power, while four companies used leased 
sal and three bought the steam used in their engines. 

ne Company used three 45 horse-power gas engines. 
Of course these figures do not include the power or 
apparatus used in isolated lighting, but only that of 
central stations. 

On the same date the electric light companies had in 
use 14,412,043 feet of wire, 100,205 feet of conduit, 
330,196 «feet of underground wire, and 28,548 poles set 
In the streets. All of the underground wire is, accord- 
ing to the report, in Boston, Fall River, Lawrence, New 
Bedford, and Springfield. No returns are given for the 
underground wires in Brockton. The Boston Electric 
Light Company has in Boston, in addition to 830 poles, 
1,030 roof fixtures. | 
‘ The number of single carbon arc lamps in use was 

463 and of double carbon lamps 3,375. Plain carbons 
Were used to the number of 1,086,477 and copper-plated 
carbons to the number of 2,776,746. Ten companies 
used over 100,000 carbons each, the largest consumer 
Lise the Boston Electric Light Company, which had 
134 single carbon lamps and 1,263 of the double 


The deviation of the electro- 


carbon type in use, and used a total of 1,445,087 
carbons. Counting each double carbon lamp as two, 
the above figures would give a total of 12,213 lamps 
and 3,063,223 carbons, or an average of about 316 
carbons per lamp per year. 

Tbe total horse-power of electric motors in use on 
June 30th, 1889, was 1,442, furnished by 538 motors, of 
which 111 were on are light circuits, 379 on incan- 
descent light circuits, and 48 on power circuits. These 
motors were run from only 21 different stations, 11 of 
which were supplying over 40 horse-power each. The 
station supplying the largest amount of power was the 
Edison station in Boston, supplying 233 motors, aggre- 
gating 623 horse-power—nearly half of that supplied 
in the entire State. These were all on incandescent 
circuits. | 

The various systems of lighting, both arc and incan- 
descent, were represented in the State as follows :— — 

Of 2,000 candle-power : Thomson-Houston, 3,960 
lamps ; Brush, 1,563 ; American, 975; Schuyler, 501 ; 
Arnoux-Hochhausen, 54. Of 1,800 candle- power : 
Waterhouse, 40. Of 1,600 candle-power: Ball, 130. 
Of 1,500 candle-power : Schuyler, 35. Of 1,200 candle- 
power: Thomson-Houston, 3,851; Schuyler, 270; 
Brush, 180. Of 800 candle-power : Ball, 140. Of 20 
candle-power : Thomson-Houston, 3,400. Of 16 candle- 
power: Edison, 36,200; Thomson-Houston, 30,150 ; 
Westinghouse, 10,700 ; Weston, 1,525 ; Sun, 900 ; Brush, 
600. Of 15 candle-power : Edison, 880 

The following table shows the number of electric 
lights of various candle-power represented by the 
dynamo capacity of the companies, June 30th, 1888, 
and June 30th, 1889 :— 


1888. 1889. 

15 candle-power ... ove … x 880 880 

pee 52,075 80,076 

20 1,200 2,800 
140 
1,200 LA »”» 2,757 4,206 
1,600 ,, ‘i 110 130 
1,800 ,, — 40 
2,000 ,, PA 5,846 6,978 


Arc lights were furnished for commercial use by 
57 companies. The total number of consumers was 


1,223, and the number of lights furnished 3,916, or an 


average of 3'2 lights per customer. Of these lights 
2,643 were of 2,000 candle-power, 1,245 of 1,200 candle- 
power, 1 of 1,600 candle-power, 1 of 1,500 candle-power, 
and 26 of 800 candle-power. The largest furnisher of 
commercial lights was the Boston Electric Light Com- 
pany supplying 1,210 lamps of 2,000 candle-power. 

There were 2,438 incandescent lights furnished for 
commercial purposes off arc light circuits to 363 
consumers. Of these 698 were of 16 candle-power, 188 
of 20, 540 of 25, 337 of 32, 112 of 50, 472 of 65, and 9] 
whose candle-power is not given. Assuming these to 
be of the smallest size, 16 candle-power, this will make 
a total of 76,948 candle-power, or an equivalent of 4,809 
16 candle-power lamps, or an average of 13:2 to each 
customer furnished. 

From incandescent circuits there were furnished a 
total of 72,406 lights divided as follows :—64,575 of 16 
candle-power, 5,058 of 20, 2,084 of 10, 336 of 25, 181 of 
24, 135 of 32, 20 of 50, 7 of 100, and 5 euch of 13 and 
30 candle-power. These make a total equivalent of 
73,386 16 candle-power lamps, and were furnished to 
5,270 customers, or an average of 139 to each. These 
are furnished by 49 companies, only 8 of which 
furnish incandescent lights exclusively. Thirteen of 
these companies have over 100 customers for incan- 
descent lights. 

Sixty-one different companies were at the end of the 
year furnishing to as many cities 7,494 public electric 
lamps. These lamps were of 16 different candle- 
powers, the number of lamps of each candle-power 
being as follows :—429 of 15 candle-power, 189 of 16, 
446 of 20, 1,503 of 25, 164 of 30, 61 of 32, 200 of 40, 13 
of 50, 17 of 65, 31 of 125, 70 of 800, 1,646 of 1,200, 26 
of 1,500, 60 of 1,600, 30 of 1,800, and 2,609 of 2,000 
candle-power ; a total of 3,053 incandescents and 
4,441 arcs. 
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Twenty-three cities use arc lights of 2,000 candle- 
power, the largest consumer being the City of Boston 
with 935 lamps, while 33 cities are lighted by lamps 
of 1,200 candle-power, Malden, with 166, being the 
largest consumer. 


ON THE EXCITEMENT OF ELECTRICITY 
AND HEAT IN ELECTROLYTES. 


By MAX PLANCK (Annalen der Physik und Chemie). 
(Continued from page 424.) 
Section 4.—Production of Heat. 


WE now turn our attention to the transformation of 
energies as it occurs in an electrolytic solution of 
unequal concentration and traversed by currents uti- 
lising the foregoing equations. We inquire first as to 
the different kinds which may possibly come into play. 
Within the solution there exists, in the first place, the 
electrostatic energy derived from the effects of the free 
electricities, though it is evidently vanishingly small. 

Its magnitude is of the order p? = p° c, and conse- 
quently it does not come into consideration, since p has 
been previously shown to be of the order 1/c?. 

Secondly, we must consider a form of energy which 
arises from the interaction of electricity and ponderable 
matter, and which I have designated as intermolecular 
energy. But this also disappears here since the ions 
retain their electric charges unchanged. Thereby the 
potential molecular energy falls away since all the ions 
are constantly dissociated and move independently, as 
does also the kinetic energy of the movement which 
contains the squares of the velocities of the ions. 

Heat alone, therefore, remains for our consideration. 
All the processes of energy within the electrolyte are 
confined to thermic phenomena, to the computation of 
which we now proceed. We may here proceed ina 
twofold manner: we may either directly consider the 
thermic processes occurring in any spacial part of the 
solution, or we examine merely the processes on the 
surface of the space and utilise the well-known propo- 
sition that the transformation of energy of any system 
is measured by the energy introduced into such system 
from without. We will employ successively both 
methods, and, in the first place, the more direct one. 

It is established by observing the effects of a current 
which flows through an electrolyte of a uniform con- 
centration, that positive heat (Joule’s heat) is produced 
in its interior and arises quite in the manner of the 


heat of friction, and it is hence commonly ascribed to a 


friction between the moving ions and the solvent. The 
facts are satisfying if the heat produced is taken as equal 
to the work which the moving forces perform in 
all the ions. This proposition must, therefore, come 
into application in our more general case, where we 
have to do not only with the electrostatic forces result- 
ing from the fall of the potential, but also with the 
osmotic differences of pressure. In calculating the 
heat of friction it can make no difference whether 
aud to what extent the motive power is of 
electric or osmotic origin. The heat of friction must 
be assumed equal to the work of the entire motive 
power, the same power by which the velocity of the 
ions is determined. Hence we obtain, by multiplying 
the three components of force with the corresponding 
speed-components, as they have been calculated above, 
the following positive expression for the heat of friction 
which is produced in the time, d ¢, from the positive 
ions of the first kind contained in the space d r : 


RÔp +4) (eee (252 


2 ds. 
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to which similar expressions attach themselves for the 
remaining positive and for the negative ions. The 


sum of all these expressions gives the heat of friction 
produced in the time dé, and in the space d r, 

But whence is this friction-heat derived? It can 
originate only, either at the expense of some other form 


of energy in the interior, or by the entrance of externa] — 


efforts. In case of a solution of uniform concen 
where osmotic forces are absent the “ Joule’s heat” ig 
supplied by external electric forces which drive the 
electricity from higher to lower potential values through 
the solution. But here this electric work is generally 
insufficient to explain the calculated heat, as the 
osmotic forces likewise put the ions in movement and 
produce frictional heat. So long, therefore, as we sto 
at the assumptions made the calculation of the heat con- 
tradicts the principle of energy, and we leave a defect 
in our representation which must necessarily be 
supplied. | 

It is, in fact, possible to supply this deficiency bya 
new and simple supposition, 2.e., by the hypothesis that 
the analogy existing between the behaviour of the 
dissolved ions, and that of the molecules of a gas ex- 
tends also to the production of heat by compression or 
dilatation. 

If the ions are compressed by the osmotic pressure, 
there is liberated an amount of heat equivalent to the 
work of compression and inversely by the expansion of 
the ions overcoming the osmotic pressure a correspond- 
ing quantity of heat is absorbed. 

The assumption, as it will be shown in the next 
paragraph, is in perfect harmony with the principle of 
energy. From what has beén said it is easy to calculate 
the heat of compression in any part of the solution. We 
only need for every kind of ions to multiply the 
decrease of volume by thé osmotic partial pressure. 
Thus by a brief calculation we arrive at the following 
expression for the heat of compression which is pro- 
duced in the time, d {, by the positive ions of the first 
kind contained in the spacial element dr : 


updr.dt, 


&c., for the remaining positive and for the negative 
kinds of ions. By summation we obtain the total heat 
of compressson in the spacial element d r. 

By putting together the expressions for the heats of 
friction and compression we obtain the entire heat pro- 
duced, and in the first place, as far as it springs from 
the positive ions of the first kind by the addition of 
the two last formule. 


bp do , Pt) el 


Ge) (+ A hud dt 
[(3 oy sz) + ? 

This finally gives for the entire heat produced in the 
time, d t, in the space, à r, the expression : 


365 (U—V) 

(U — Gy + 


(; 


In order to find the heat, w, produced in a finite 
space we have to integrate all the elements of dr 
of the space. The spacial integral thus obtained is 
transferred with regard to equation (9), completely 
into the following integral of surfaces to extend over 
all the elements, d s, of the surface of the space with 
the internal normal » : 


W=-dt.fde[R 
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of this we may unite more simply, according 
to equations (2) and (3) : 
The meaning of this expression will be discussed in 


t paragraph. | 
(To be continued.) 


COMMUNICATIONS FROM ITALY. 


[FROM A CORRESPONDENT. | 


Somme time ago I gave an account in your journal of a 
central station which had been erected at Alzanno 

iore for the simultaneous supply of power and 
light, Two weeks ago the first alternating current 
motor was set in successful action, in presence of 
numerous specialists and manufacturers. A 5 horse- 
power motor was installed for working a centrifugal 
pump, and it acted in so satisfactory a manner that a 
considerable number of industrialists entered into 


negociations with the Milan Edison Company for the 


supply and erection of such motors. 

The Italian papers recognise this success as an event 
of importance, since it solves the problem of the atili- 
sation of those considerable water powers in which 
Italy abounds and which will serve both for lighting 
towns, and for supplying power to manufacturers. It 
will be especially serviceable to the smaller industrial- 
ists. The alternating current motor now in action at 
Alzanno Maggiore is introduced within the secondary 
net and of course within the low tension circuit 
branching off from the transformer. It works, con- 
sequently, with the same tension as that of the lamp 
circuit. 

At Venice, where the Italian Edison Company is at 
present erecting a larger alternating current central 
station (with, for the present, two machines of the type 
A6, of jointly 160,000 watts), there is already such a 
warm participation among the shareholders who obtain 
light from these electric works, that in order to meet 
the demand the installation of a third machine becomes 
necessary. 

At Vittaio (in-the province of Venice) electric works 
are being erected by the Milan Edison Company for 
lighting the town. Here also the system of alternating 
current transformers is being applied. 

At Terni there has lately happened at the local elec- 
tric lighting works a must lamentable misfortune under 
very peculiar circumstances. A workman of the Societa 
di Illuminazione Elettrica was in the lower story of an 
installation which works with high tension continuous 
currents, and he was engaged in placing the switch 
80 a8 to make a communication with the main lead. 
At the moment when the current entered, the workman 
suddenly uttered a violent shriek and fell on the 
ground as if struck by lightning. At the outcry of his 
assistant several persons hastened to his aid, but it was 
too late, and the physician, who was at once called in, 
could merely certify his death. 

This calamity, by which the company loses one of its 
most efficient workmen, is the more surprising as the 
— was very well acquainted with the manipula- 
lon of all the apparatus. The switch was enclosed in 
a box of which only the man in question had the key. 
a calamity is probably due to the circumstance 

tthe man, in too great confidence in his own ex- 
Perience, neglected the necessary precaution. It was 
Proved that he had touched the metal button of the 


switch at the moment of the introduction of the high- 
tension current. | 


A Telegraphist Attem 
pts Suicide.—On Monday last, 
at the Guildford County Police Court, George William 


ins, a telegraphist, was committed for trial for 
Mpting to cut his throat. 


_in the battery, and red lead as the positive. 


THE MANAGEMENT OF ACCUMULATORS. 


By J. K. PUMPELLY.* 


To those who wish to handle accumulators, to form 
them properly; and to charge and discharge them for 
every day practical use, the writer, who has learned 
what he knows by hard experience and many disap- 
pointments, will, in this article, give some idea of what 
the work is, and what it must be. 

Let us put aside all theories, only understanding 
enough to make what we do successful. In the first 
place, we must take it for granted that the care and 
advantages of location, and a certain amount of scientific 
knowledge, can produce from a laboratory test with a 
storage battery more favourable results and a greater 
per cent. of efficiency than could probably be obtained 
from the everyday work to which most accumalators 
are subjected. 

Having a number of plates made for the purpose, the 
process of setting them up for charging and forming is 
simple enough. It is taken for granted that some 


_ knowledge of the make-up of astorage battery is known 


to those who may be interested in this article, hence we 
will speak of a storage battery as a collection of lead 
plates or grids, coated over or filled in with oxide of 
lead, such as common red lead and litharge; the 
litharge, which isa slightly different oxide, chemically, 
than the red lead, is generally used as the + plate 

hese 
plates are placed in a cell or case, composed of some 
material that will resist the corroding and disinte- 
grating action of strong acids, facing each other, and 
never over a quarter of an inch apart, the reason for 
which will be given later on. Then one less than one- 
half of the number are connected by means of conduct- 
ing material, such as lead or copper, well insulated and 
protected from the action of acid fumes, as the positive 
plates and the remaining plates, connected in the same 
way, form the negative pole ; these plates being care- 
fully placed and so separated from each other by strips 
of non-conducting material, that no local action can occur- 

The electrolyte consists of water and sulphuric acid, 
generally eight parts of waterto one partacid. When the 
mixture is first made it becomes very hot, hence it should 
not be made in a glass vessel. The acid must be 
poured gradually into the water and constantly stirred, 
not the water into the acid, and the liquid must not be 
used for several hours or until cool, and is then poured 
into the cell until it completely surrounds and covers 
all that portion of the plates which are made to be 
acted upon, even reaching above that point an inch. 

The batteries being thus prepared, and supposing we 
have a number of them arranged for convenience in a 
row, the negative poles are all connected together, and 
the positive in the same way. Then, in order to charge 
them, this negative pole connection is attached to the 
negative pole of the dynamo, and when the dynamo 
has reached its full speed, the positive poles are con- 
nected in the same way to the positive of the dynamo. 
This is readily accomplished by the use of a switch. 
Now, as we are ready, and while the current is passing 
through the battery, we will give our readers and ex- 
perimenters some idea of how we are to decide upon 
the proper current and electromotive force nccessary 
for charging. “ How and Why ” is learned from actual 
experience and chemical knowledge. 

Accumulators do not store electricity, as we under- 
stand the word. Weare dealing with what must go for 
comparative expressions. The change that any sufficient 
current of electricity passing through and then out of 
the battery produces in the battery is an electroplating 
action, and while this electroplating process between 
the positive and negative plates is going on, an element 
of energy is being held therein, which, when set free, 
performs a certain amount of work, and this difference 
between this energy, used up, to produce the necessary 
chemical change, and the amount of work we get out 
of the battery, is called: the difference of potential. 


* Electrical World. 
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Even this expression, “ difference of potential,” may be 
crude, and advanced science may find other expressions 
and other meanings for the cause of this energy. 

A current of electricity of a known quantity, called 
ampéres, driven by a known pressure, called volts, 
when passed or driven through the electrolyte which 
surrounds the plates of a storage battery will produce 
a chemical change in some part of the yo Exactly 
what it does, as far as we know, is to decompose the 
water, setting free oxygen and hydrogen, of which 
water is composed. The oxygen always goes to the 
positive pole or side of the battery, and the hydrogen 
to the negative. When the oxygen reaches the oxide of 
lead on the positive plate it changes it from an oxide 
which contains a small amount of oxygen to one now 
containing more oxygen ; in fact, it makes a peroxide 
of lead of it, and the hydrogen goes to the negative side 
of the battery, and is evidently absorbed. At thesame 
time, some oxygen must have been driven out of the 
litharge, which is a still lower oxide of lead than the 
red lead, and the actual metallic lead, in minute 
particles, is left on this plate. This is the electro- 
plating process spoken of. 

Now, while this is done, electricity, or an element of 
energy which becomes electricity, is seemingly stored 
in the two sets of piates. Now comes the calculation 
that is approximately correct, by which we can regulate 
our dynanio, to give the proper electromotive force, in 
volts of pressure, and, say, three ampéres of current 
will decompose a certain amount of water, and hydrogen 
and oxygen set free by this current will change a 
certain estimated surface of lead oxide. Strangely 
enough, it is found that the moment these plates are 
insulated and grouped together in a cell in which the 
electrolyte is confined, and these individual groups 
consist of positive and negative plates, each group by 
themselves in a case or cell, the same pressure or voltage 
will not be sufficient for all the cells: that would.do 
for one cell, but the same amount of current or ampéres 
will be a measure forthem all. Thus it takes a little 
over two volts of pressure to charge each cell, but the 
same flow or movement of ampéres for one as for all— 
that is, the pressure in volts is multiplied by the number 
of cells to be charged, but the current in ampères 
needed is calculated by. the extent of surface of lead 
oxide to be acted upon in one cell—that is, by the size 


of the single cell; for instance, 2,3;th volts will charge 
a battery of one cell with a current of ten ampéres for a - 


certain length of time, according to its size, but a 
current of 2-%th volts will not charge a battery of ten 
cells ; but if the volts are increased—that is, the 
pressure raised to 23 volts and ten ampères—all the 
cells will be charged in the same time, providing they 
are all of a size. | 

Supposing that a current of two volts and five 
amperes would set free, in a battery, oxygen and 
hydrogen enough in one hour to convert one square 
inch of surface, then, if continued ten hours, it would 
convert 50 square inches. If our battery plates con- 
tained 500 square inches of surface we need not take 
100 hours for the process of converting or charging, but 
use a current of 50 ampéres for ten hours. It can now 
be seen that a battery made up of a certain number of 
plates, of a certain known size, can be charged with a 
current large enough to charge in a convenient number 
of hours. So plates of large surface can be charged 
with a current of many ampéres. Thus, having a 
dynamo that will give a large current, a large battery 
can be charged as quickly as a small one using a small 
current. | 

To sum up, if a number of plates, each of the same 
chemical surface, were added together, it would give 
us an approximate idea of the amount of chemical 
surface that each plate can be acted upon. . If 2,3,th 
volts of E.M.F. and 25 ampères will produce a certain 
amount of chemical change every hour on each plate, 
and the plates are large enough to endure a change 


equal to an efficiency of 100 ampères, then this currrent 


of 25 ampères must be forced through the cells four 
hours, and if we find, as experience teaches us, that 
there is a loss of, say, 14 per cent., in counting this 


stored efficiency, then we must continue the charge 
somewhat longer. 

To form new battery plates, so that they may be most 
efficient, we find that a 30 hours’ charge is necessary-to 
complete the change in the negative plates, and nearly 
three times as long to produce the proper change in the 
positive plate. The manner in which this is done will 
be explained further on. 


(To be continued.) 


HAUBERG’S DYNAMO AND METHOD OF 
COMPOUNDING. 


[A COMMUNICATION. | 


AMONGST the numerous improvements in the construe. 
tion and making of dynamo machines, the application 
of cast iron in the field magnets is certainly of import- 
ance. It has made it easy to build even very powerful 
dynamos cheaply by casting in one piece the field 
magnets and frame, and thus avoiding any division or 
interruption in the metallic part of the magnetic cir- 
cuit. The weight of copper on the field magnets is also 
reduced, although one would think that the larger 
section of cast iron would increase the length of the 
windings. However, the more perfect proportions in 
the well-constructed dynamos of the latest date explain 
this. 

The figs. show a dynamo constructed by Mr. §. C, 
Hauberg (Messrs. Koefoed and Hauberg, Limited, 
Copenhagen) ; itis entirely made of cast iron of selected 
brands, and is as plain and compact as possible. The 
field magnet is of the horseshoe shape, cast in one piece 
with the frame; the wire for exciting the magnet is 
wound on the vertical part of the magnet. This shape 
gives the shortest way for the lines of force, and there 
is no interruption in the magnetic circuit except the 
space between the pole-shoes and the armature ; this 
allows a very solid construction and an extremely 
accurate run of the armature without vibration, and 
with but little distance from iron to iron in the mag- 
netic field. It also enables the winding of the wire to 
be done on a common turning lathe. 

_ To show how small the weight of copper is on this 
type of dynamo, we give the following example from a 


' private electric installation in Copenhagen, which re- 


quired two dynamos, each able to supply the current 
for 1,000 lamps of 16 C.P. The dynamos are working 
with 100 volts at the lamps, and give a current of 500 
ampéres when running at 500 revolutions per minute. 
The armature has a diameter of 234 inches, and is +. 
inches long ; it is wound as a Gramme ring with 
copper bars, divided in a suitable manner to avoid any 
heating through Foucault currents ; the copper bars are 
connected with a commutator divided into 88 parts. 
The field magnet has a section of 12 inches x 29} 
inches, and is wound according to a new system (0 
obtain self-regulation, which is described further down. 
The weights of copper are :—On the armature, 194 lbs; 
on the field magnet, 346 lbs; as the dynamo, when 
working at 500 ampéres, has a difference of potential 
of 115 volts at the brushes, we get 577 volt-amperes 
per lb, of copper on the armature at 100 revolutions, 
and 20°75 volt-ampères per lb. of total weight of 
copper on the dynamo at 100 revolutions. The electric 
efficiency is 96 per cent.; the cooling surface of the 
machine is very great, and the heating is therefore 
insignificant. 7 

The above-mentioned new system of self-regulation 
is invented by Mr. F. V. Schioedet, electrical engineer to 
Messrs. Koefoed and Hauberg, and consists of the 
following arrangement in the winding of the magnet. 
The purpose of the system is to make it possible to 
work two or more compound-wound dynamos in 
parallel circuit without any danger of the one a baw or 
reversing the magnetism of the other ; this is a poin 
of the greatest importance. The new system may 
used wherever by one system or another a larger reer 
of potential is allowed in the main conductors than 


potential in the negative conductor to the corre- 
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allowable between the different lamps or points where- will explain it sufficiently. M + and M — are the | 
from wires are leading to the lamps. If, for instance, main conductors, in which we are working witha 
the dynamo is placed, by some reason or other, at a certain loss of potential. B + and B — are respectively | 
distance from the rooms to be lighted, we may, to save | a | 
the expense of a very heavy cable, which would give 

no loss of potential, use a smaller cable and have a 
higher potential at the dynamos, and then take these 
compound-wound according to this system. If we have 
water-power, and the dynamos therefore are placed far 
away from the Jamps, it would be of the greatest im- 
portance to have them compound-wound and self-regu- 
lating, and yet involving no danger if two or more are 
working together. We may also apply this new system 
in such installations, when the main conductors are 
laid, as invented by Giilcher, in the manner that they 
form a positive and a negative bend or interrupted 
ring, both with the one end in connection with a 
brush of the dynamo and the wires leading to the 
lamps leaving the said bends at suitable points of the 
conductors, so that the loss of potential in the positive 
conductor to such a point of it added to the loss of 


sponding point is the same for every two points | 
wherefrom wires are leading to the lamps. In the O | O 

diagram, M + and M — are the two main conductors 

connected with the brushes of the two dynamos of | 
the said installation. With 500 ampères the loss of the positive and negative brushes, with which the | 
potential in the conductors is 15 volts. Now, if shunt windings, 5, are in connection. The two positive 
we use compound dynamos, working in parallel circuit, brushes, B +, are, by the main shunt, T, connected 


| 


Mf | | | | 


Ts 


we shall not get the same potential at the brushes if | with the point, P, at the farthest away end of the | 
we work one dynamo with 500 ampères, as if werun positive main conductor, M +. By a correct calcula- 

two with 250 ampères each, as the increase of potential tion of the loss of potential from the brush, B +, and 
is dependent upon the current passing the main wire the point, P, and putting a suitable number of wind- 
one dynamo to the other we should also get a lower current will jast increase the potential at the brushes 
potential until the whole current was supplied from _as the loss of potential requires. It will be quite clear 
one dynamo only. _ This isavoided thus: Inacommon from the diagram that the one dynamo cannot reverse 
Compound dynamo we have on the field magnet a ' the magnetic poles of the other, as the main shunt and 
shunt wire connecting the two brushes, always being the ordinary shunt both are passed in the same by the 
passed by nearly the same current, and then we have current, even if the one dynamo sends its current 
the main current passing round the magnet inathick through the crmature of the other. | | 
Wire; in Mr. Schioedet’s system we have the shunt | 

Wire in the same way, but instead of the main current 
ve splies a shunt on the main conductor, connecting | REVIEWS | 

Wo points either on the positive or the negative | : | 


conductor ; thi 
dependent u Journal of the Institution of Electrical Engineers. 


points. By this way the increase of potential is only No. 85. London: E. & F. N. Spon, 125, Strand. 


dependent upon the total current in the main con- The general contents of this number are as follows : 
cp the current in the main shunt being increased  —Papers and discussions on: “The Theory of Arma- 
Hons greater current in the main conductor causing mature Reactions in Dynamos and Motors,” by J. 
à larger loss of potential ; little and large dynamos can Swinburne; “Some Points in Dynamo and Motor 
coupled together, their potential being increased Design,” by W. B. Esson. Original Communications : 
bra taneously in proportion to the loss of potential be- © —The Torpedo Defence of Canton during the Franco- 
‘Ween the two endsof the said mainshunt. Thediagram Chinese War in the Years 1884-85. (Abstract of a 


on the field magnet. If we shift the current from the ings of the main shunt, T, on the field magnet, this | 
| 
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, Communication by J. A.- Betts.) Classified List of 
Articles relating to Electricity and Magnetism appear- 
ing in some of the principal English and Foreign Tech- 
nical Journals during the Months of January and 
February, 1890. 


Berechnung Elektrischer Messungen un zahlreichen 
Beispielen dargestellt.* Von W. R. P. HoBBs. 
Oberlehrer an der Marine Torpedo Schule zu Ports- 
mouth. Aus dem Englischen übersetzt Von O. Kletzer, 
Halle : W. Knapp. 


This work is a very careful and accurate version of 
the English treatise of Mr. W. R. P. Hobbs, of the 
Marine Torpedo School at Portsmouth. The translator 
has adhered very closely to the original text, making 
neither additions nor alterations beyond converting the 
English weights and measures into their metrical equi- 
valents, and giving the German standard of a horse- 
power (75 kilogrammetre per second) in place of that 
of Watt (76 kilogrammetre per second) used in this 
country. 

Of course a detailed examination of a translation of a 
work so widely known and so generally appreciated 
must be superfluous. | 


Fia. 3. 


L’ Année rm 1 ou Exposé Annuel des Travaux 
Scientifiques des Inventions. Par PH. DELAHAYE. 
Sixième Année. Paris : Baudry et Cie, 15, Rue des 
Saints-Péres. 


This annual continues to serve its useful purpose, and 
to afford much valuable information to those who have 
not been able to follow closely or to recollect the sub- 
jects given in the technical journals during the year. 
The volume bears indications of painstaking research, 
and the various articles from which the matter has been 
taken have been carefully and accurately condensed. 
Every branch of electrical science has been referred to, 
— altogether, the work does the compiler considerable 
credit. 


OLIVER J. LODGE’S LIGHTNING OR OTHER 
_ HIGH TENSION CURRENT PROTECTORS. 


THE invention consists of a number of air-gaps, con- 


nected to each other by coils or lengths of wire or other 


- * Calculation of electrical measurements illustrated by numerous 


examples. 


conductors, solid or liquid, which oppose the current 


either by self-induction or electro-magnetic inertia, or 
by resistance proper, and of either adjustable or fixed 
width. The apparatus to be protected, whether it be 
lamps or telephones, or telegraphic instruments of 
galvanometers, or meters or any other kind of electrical 
apparatus, is connected to the last air-gap of the series ; 


FIRST LAST 


Fie. 1. 


the line wire, or exposed leads or. other wires, into 
which it is feared that lightning or high tension cnr. 
rents may possibly come, are connected to the first air- 
gap of the series. | LAN 

Fig. 1 shows the general arrangement of the inven- 


Fra. 4. 


tion, and figs. 2, 3, 4, and 5 the practical method of 
applying the same. 

In fig. 1, A, B,are the terminals to be inserted in the 
leads, or between line: wire and earth, &c. OC, D, are the 


A 
Cnil 


Fia. 5. 


terminals to be connected ‘to the instrument or thing 


requiring protection. | 

L fig: 2 à and B are the terminals inserted in the 
leads, or A is connected with the line wire and B with 
earth ; C, D, are terminals connected with the instra- 
ment to be protected, or C with the instrument and D 
with the earth, or'C with the instrument and D left in- 
sulated as desired. E!,E?, &c., are air-gaps or insulating 
spaces. These can be formed with one or more points 
or rounded ends, as shown ; or with knobs or plates or 
vacuum tubes or other suitable devices ; G!, G°, &e., are 
self-induction coils, consisting, for instance, of guits- 
percha covered wire coiled up on bobbins. | 

The action of the arrangement is as follows :— * 

The ordinary currents, which it is intended 
transmit through the apparatus to be protected, are 
the connecting wires or self-induction coils, G', G*, &. 
and do not jump any of the air-gaps. Bat lightning, 
or any other foreign and violent currents which may 
accidentally have got into the leads, will jamp one 0 
more of the series of air-gaps, and be thus dive 
from the instruments or lamps to be protected. 

Thus, the insulating spaces or air-gaps may 
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so that the greater portion of a violent dis- 
charge will jamp the first, E! ; a certain fraction, say a 
tenth of the remainder, will jump the second, E? ; 
another fraction, say a tenth of this again, will jump 
the third, E*, and so on ; the amount finally permitted 
to go through the protected instrument being thus re- 
dneed to any desired amount. 

It may be well to set the air-gaps or insulating spaces 
of different widths ; for instance, the first having broad 
rounded ends wider apart than the second, exposing 
larger surface and capable of easy examination and re- 
placement (as by binding screw, /:) in case of damage 
by a flash ; the second having small rounded ends or 
points close together, and capable of minute adjustment 
by screwing up as shown (with lock-nuts), or equivalent 
device ; the third still closer and finer, &c. It may also 
be well to vary the connecting coils, using thicker and 
more highly-insulated wire for the earlier coils, and 
thinner for the later, as shown. 

Fig. 3 shows a variation useful for protecting the in- 
sulation of covered wires or cables in which the ex- 
posed line is attached to terminal A, and the protected 
one to C. B is connected to earth. 

The first, F', is preferably a knob, plate, or rounded 
end, as shown, and of stout conducting material, the 
second and subsequent ones, F*, F°, &c., can be knobs or 
points, preferably the latter, and can be adjusted nearer 
the central knob F? than F" is. 


In fig. 4, A is connected to the up-line wire, B to the 


down-line wire, C and D to all the instruments in the 
station, and E to the earth. 

The conductor, K, connected with the earth, is placed 
between the entrance and exit wires, each of which is 
provided with a series of knobs, plates, or points (with 
self-induction coils between) forming air-gaps with this 
conductor. 

Fig. 5 shows an arrangement whereby existing pro- 


tectors can be coupled up with resistances and other pro- 


tectors in accordance with the invention. F and F' are 
the ordinary plate lightning protectors ; F* and 4* the 
well known tubular lightning protector, in which a rod, 
F*, is closely surrounded, but insulated from a cylinder, 


F’, the one being on one line, the other on the other 


line. Hither the rod or the cylinder is usually studded 


with points almost, but not actually, in contact with 


the other, being separated therefrom by.a thin stratum 
of air, a film of mica, or of other insulating material. 
PF, and F’, are lightning protecting devices, on 
the same plan as those in fig. 2. : 


It may be added that in his patent specification 


Me protectors, Mr. Lodge makes the following 
claims : — 
I. The method of protecting instruments or other 
electrical appliances from lightning or other high-ten- 
sional currents, such, for instance, as may be received 
from electric lightning leads, which consists in placing 
4 series of two or more air-gaps or other insulating 
spaces between the protected apparatus and the main 
line, whereby, after the first air-gap has shunted most 
of the high tension electricity, the second shunts most 
of the remainder, and 80 on, substantially as described. 
2. The method of protecting from lightning and high 
tension electricity generally, which consists in offering 


sell-nduction obstruction on the one hand, and dielec- | 
ric weakness on the other, to the lightning; and air- 


resistance obstruction, on the one hand, and thick wire 

mension on the other, to the useful current ; each 

reall repeated several times, substantially as 
ed, 


3. The apparatus for prctecting instruments and line 


Wires from lightning or other high-tensional electricity, : 


ae consists in a series of narrow air or other insu- 
rs 8aps on the line wire with coiled resistances or 
Pédances between, substantially as described. 


aan The addition to an existing lightning protecting — 
ice on the air-gap principle of one or more extra 


devices of the like nature joined up “in parallel ” with 


it, whereby-the residual high tension electric fluid not . 


se off by the original device is in great part shunted 
ae second, and the residue of the remainder in 
part by the third, and so on. 


THE WALKER ELECTRIC METER. — 


THE American exchanges all give a full descrip- 
tion of this instrument. The meter belongs to the: 
class of electrical measuring apparatus which furnish, 
a record of the ampére-hours, not directly, but in 
a form fitted for rapid computation. It is, as. 
will be seen from figure (1), which gives a view of 
the interior of the meter, a practical modification of 
an old and much esteemed laboratory device, the pho- 
tographic registration of galvanometer reflections. 
Photography has long been used for self-recording 
instruments, particularly those designed for farnishing 
continuous records of magnetic and electric disturbances 
connected with the earth, and its use has been uni- 
versally successful. As usually set up; however, the 
apparatus has been of a rather complicated character. 
The Walker meter has simply taken this well-established 
method and simplified it for every day use in electrical 


industry. 
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The three essential parts of the apparatus are the. 
ammeter, the source of light, and the sensitive film. 
crawling forward at a regular rate to receive the varying . 


In the instrument as actually made, the ammeter is 
of the well-known class in which a curved solenoid is: 
provided with a curved core of small iron wire, 80: 
small as to be practically saturated by a very moderate: 
currént. In this particular case the customary pointer: 
attached to the movable core is replaced by a sector, 
made in this case from blackened aluminum, and pro-' 
vided with a narrow slot through which the Jight passes: 
and registers.its position upon the sensitive film. . The. 
movable core is extended so as to form the larger part, 
of a circle, so that when very small currents are passing, 
the core is within both ends of the solenoid. By thir 
device it is possible to make the deflection very closely 


proportional to the current, so that the ampèré scale is 


a scale of equal parts. The lines indicating the 
ampères are formed upon the sensitive film by the light 


gleaming through the series of small holes seen in the | 
figure, which replaces the scale of ordinary ammeters. . 
Each hour the shutter shown below this line of small 
holes is dropped long enough to register an hour line | 
across the film, and thus the film, when developed, | 
shows two series of equi-distant parallel lines, one of 
them showing the ampères, the other showing the time, _ 
and over this diagram appears the registration line 
showing the exact amount of current that has passed. — 
The roll of paper is moved regularly forward by the 


clockwork shown in the background of the figure. Or 
the front of this clockwork appears a little electro- 
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motor which each hour is switched into circuit in series 


with the incandescent lamp within the meter, and the 
clockwork is thus kept constantly wound to the same 
point, insuring a regular rate of movement of the film. 
- This rate of movement can be varied within wide limits 
so as to adapt the meter to all classes of work. 

The incandescent lamp within the meter which fur- 
nishes light for the registration is of 8 C.P., and is in 
series with a variable resistance, so that the amount of 
light can be accurately regulated. 


E\ 


N 

| 


| 
| 


| 


The film box, which is shown more in detail in fig. 
2, ordinarily contains a roll of sensitised paper sufficient 
for a month’s registration of the current. At the end 
of the month the meters are visited by the inspectors 
like so many gas meters, but, instead of the current con- 
sumption being read directly, the films are replaced, 
and those containing the record taken to the office for 
computation. Inasmuch as both the hour and the 
ampere scale are scales of equal parts, the area traced 
out by the ampere line registered is a correct measure 
of the ampere-hours, and the actual amount of current 
used can be obtained by measuring this area and multi- 
plying it by a constant, or still better, by running over 
the area with a planimeter so constructed to include 
‘the constant of the meter and give the ampére-hours 
directly. By this latter process the computation of the 
various amounts registered becomes very simple and 
can be done with great rapidity. 


‘ 
! 


| 


t —— 
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" In fig. 3 is shown an excellent illustration of the 
form in which the record appears upon the sensitive 
film. In the diagram the vertical lines are the hour 
lines, and the horizontal lines the ampéres, while the 
record appears wandering up and down in the diagram. 
This record was made specially to show the capability 
of the meter, and is vastly more irregular than any 
practical record would be. The dotted lines shown, for 
instance, were produced by turning out the lamps, one 
by one, at a rate slow enough to allow each one to 
register its presence clearly. It is evident from the 
form of the record that the meter works closely, and is 


sensitive enough for all practical requirements. Any 


variation in voltage shows itself in tho sinuosities in 
the ampére line registered. The record taken on this 


machine will not only give the amount of current used 


and the time of service, but is a very sensitive detector 
of any bad administration at the generating station, and 
any difficulty or carelessness there can be located within 
a few minutes of the time at which it occurred, when 
the records are taken to the office to be examined, __ 
One important advantage of this type of meter is that 
the whole amount of current passing into the honse ig 
registered in the meter, instead of a known fractional 
part being diverted and measured, as is frequently the 
case in electric meters; consequently the energy lost 
in the meter is very nearly a constant quantity, the 
current required to operate the meter by means of a 
single lamp shown being less than the tenth of an 
ampère. Aside from this constant loss the only other 
is that due to the heating of the solenoid, which ma 
be made very small. : 
The errors of this instrument are only those which 
may be found in any well-constructed ammeter, plus 
the possible error that may occur from a variation in 


the rate of the clockwork. By the method of winding 


adopted these variations may be made very small. In 
many of the meters now in use a considerable error 
may be produced from the fact that an error of the 
instrument is multiplied by quite a large factor. -With 
a very small amount of current passing, the consumption 
of energy in this meter is probably equal to or greater 
than that found in the other well-known types; as 
the amount of current passing increases, the proportion 
of loss becomes more and more in favour of the 
photographic meter. 
. There seems to be no reason why an-instrument of 
this kind cannot be made thoroughly practical. A 
careful test of the correctness of the meter has been 
made by Mr. Geo. B. Prescott, jun., and the result of 
his test showed, as might have been anticipated from 
the construction of the instrument, that.the record of 
ampères would not vary perceptibly from that given by 
a good standard ammeter. As the instrnment is nearly 
frictionless, and as no strain is put on the working 
parts, it should be easy enough to make it thoroughly 
reliable. It should be noted that the instrument is 
very nearly dead-beat, so that on the current being 
changed the needle takes up its new position with very 
slight vibration, little or no record of which appears on 
the sensitised film. Of course the final test of the 
adaptability of any meter to practical use is putting it 
in operation on a large scale, but the instrument we are 
discussing seems to be accurate and practical, and 
unless experience should show that some part cf the 
mechanism is unreliable, it certainly seems to be ad- 
mirably adapted to the uses to which an electrometer is 
ordinarily put. It can readily be fitted for use with an 
alternating current, although the type at present made 
is suited for continuous currents only. ARE ET 


DOES CURRENT BETWEEN WHEEL AND 
RAIL INCREASE TRACTION ?* 


By O. T. CROSBY. 


WE have not infrequently seen in print and heard in 


conversation the ‘statement that in electric railways, 
working on a grounded circuit, there is an incre186 in 
the adhesion coefficient over that obtained in sa 4 
propulsion, due to the passage of the current throug 
the wheels. To obtain some light on this subject the 
following experiments were made :— = 
The car used was fitted with two motors of the 8600! ¥ 
type made by the Sprague company. Its total we 
was 10,900 lbs. The rail was of the tram type, a 
though rusty, was reasonably free from dirt. ri 
wheels showed tires in ordinary service condition. 2 
such case the ordinary coefficients would show & poe 
sible tractive effort, before skidding, of 2,500 to 3, 


pounds. As this would have required currents 


than I cared to use, and would, moreover, have 07 


ceeded the capacity of the dynamometer at hand, i 


* New York Electrical Engineer. 
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was determined to skid only one pair of wheels, and to 
relieve these of a part of their weight. One end of the 
ear was, therefore, jacked up until the springs were 
almost, or wholly, relieved. This made it impossible 
to get dynamometer and current readings simulta- 
neously, as had been desired. However, the ammeter 
and dynamometer were separately compared. 

The currents hecessary to produce skidding were first 
observed when the ordinary connection to ground, £.e., 
through the metal of the motors, truck, wheels and rail, 
was in position. The connection was then changed, 
the ground wire being taken directly to the rail, at a 
point near the grounded terminal of the dynamo. The 
wheels were thus out of circuit. 

As the first position to which the controlling switch 
can be thrown admits a current of about 50 ampères 
(one motor in circuit), a graduated resistance was im- 
provised by putting a soldering iron and a tin plate in 
circuit; these were approached to, or separated from, 


each other through a tub of water, in the bottom of 


which lay the tin plate. 

The control thus obtained was somewhat irregular, 
but answered the purpose. The current could be taken 
up quite regularly from 0 to about 20 ampéres; from 
that value it frequently jumped to about 42 ampères. 
In such case the wheels always started to skid, whether 
ground was made through the wheels or directly to 
rail. When the current could be made to approach 42 
ampéres through a better gradation, as with inter- 
mediate values of 30, 34, 36 ampères, the skidding did 
not occur until a higher reading was reached—up to 
50 ampères. When the jump was considerable, skid- 
ding occurred at even lower values than 42 ampéres, as 
is shown in the accompanying table :— 


Wheels in Circuit. 


(L) Current.—0 12 16  37...Here wheels skidded. 

5. » 0 10 12 42 ee 3°? 33 

6. pa 0 25 16 40... ” ” 
Similar records, up to 12 in number were obtained. 

Wheels out of Circuit. 
(L) Current—O 12 31 16 42...Here wheels skidded. 


ie 0 15 34 40 39...  , did not skid. 
(4.) ” 0 15 42 40 35... »», 33 ‘ 


In the last case (4) the rise from 15 ampéres to 
2 was not as sudden as indicated in the table, 
though too quick for the recorder to get clear 
differences. A number of similar trials was made, 
to the number of fifteen or twenty. In one case 
of gradual approach up to 40 ampéres, without move- 
ment of wheels, the controlling switch was thrown into 
à position giving less resistance in the field ; the cur- 
rent rose to 52 ampéres, and the skidding began quite 
vigorously. ‘The change in position of the switch, the 
current values being such as are here considered, has 
little effect on the strength of field produced by the 
three field coils, the arrangement of which is changed 
by the switch movement; saturation having been 
reached for any arrangement produced by the switch, 
de currents than the effective values, as shown 
_ While the sudden current changes might conceal the 
particular value just sufficient to produce skidding, the 
Sage of the values, 34 and 25 in the tables above, 
: ows that 37 amperes is about the lowest value, if 
4 Hp with some gradation, that could produce 
skidding. This is further shown by this record :— 


Wheels out of Circuit. 


Current—O0 10 15 23 24 ~~ 25...No ekidding. 
LE 0 ] 2 15 22 20 23 eee > 


fe general conclusion may be stated—that, while the 
z was not delicate enough to prove that absolutely no 
ference of adhesion exists in the two cases, yet the 

ae if it exists, is not worth considering. 
ide from this test, I may say that with nearly the 


whole of the experience of the Sprague company to 
refer to, I can recall nothing which refutes the conclu- 
sion here drawn. Farthermcre, it is to be remembered 
that up to date the double metallic systems have climbed 
as steep grades as the grounded systems. In making 
these experiments it was noted that the slack of the 
gearing was taken up at from 5 to 10 ampéres. When 
freed from the supporting chocks, the car started at 
from 10 to 20 ampères, the needle moving so quickly 
as to prevent accurate reading. When started by man 
power, exerted through a dynamometer, the record 
shows 175 to 210 lbs. pull, varying with slight irregu- 
larities in the track (called level, but varying slightly 
in grade and condition of surface). tsatews 

Correspondingly, when the car was held fasi by a 
chain, the dynamometer in the line of pull, a steady 
current of 14 ampéres through the motor produced a 
reading of 175 lbs. on the dynamometer, showing the 
true starting current to have been about 15 ampères. 
As this occurred when the current passed through the 
wheels, it again shows that there is no appreciable 
resistance to wheel movement, either as to skidding or 
rolling on the rail, produced by the passage of the 
current. 

It is to be remembered that the momentary starting 
current, as shown by an ammeter, is a function, not 
only of the actual torsional effect required in the 
motor, but of the total resistance which it has pleased 
the manufacturers to insert in the motor circuit. 
Unless controlled, as was here the case, this initial 
current may, therefore, be greater than just enough 
to start the car. 

The writer is indebted to Mr. Offut, superintendent 
of the Brooklyn and Jamaica Electric Railway, for the 
use of a car in making these trials. 


EDINBURGH EXHIBITION. 


THE worthy hosts of the palatial hotels of Edinburgh 
are anticipating that the approaching season will be a 
very busy one. So much interest has been taken in 
the Forth Bridge, that ever since its construction was 
commenced a steadily increasing service of coaches 
has become established for the conveyance of passen- 
gers from Princes Street to Queen's Ferry. This traffic 
is expected to culminate this year, and arrangements 
are already made for 56 runs per day of these coaches 
or, as they would be called on the South Coast, chara- 
bancs. This represents a provision for about 3,000 
visitors per day in addition to the many others who 
will find their way to the bridge by private convey- 
ances, by rail, by boat or on foot. Foreseeing what an 
attraction the Forth Bridge would be during this 
summer, the first of its being open for passenger traffic, 
a few Edinburgh gentlemen conceived during the early 
months of last year the idea of holding an exhibition 
which should at the same time illustrate the progress 
of electrical science and commemorate the completion 
of the greatest engineering achievement of the age. 
The Town Council were approached for permission to 
hold an exhibition in the East Meadows (the last Edin- 
burgh exhibition having been in the same locality), 
but this was not granted, although at the same meeting 
the Council showed its hearty sympathy with the 
movement by subscribing £1,000 to the guarantee 
fund. By September a suitable site was secured at 
Merchiston and a prospectus issued, the Glasgow Town 
Council about the same time subscribing £500 to the 
guarantee fund on the ground that the exhibition was 
calculated to be practically useful to the whole of 
Scotland. In October, the guarantee fund having 
reached £22,000, the Executive Council was autho- 
rised to carry out the exhibition, and from that time 
on to the present, the scheme has been developed 
and carried on with Scottish perseverance and tho- 
roughness, so that probably no undertaking of a like 
character. ever opened its doors with better assurance 
of a conspicuous success. Instead of being, as at first 
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proposed, simply an electrical exhibition, its full title 
developed into the International Exhibition of Elec- 
trical Engineering, General Inventions and Industries, 
and to meet the increasing popular demand for outdoor 
attractions provision has been made to -introduce 
features of a sporting character outside even this com- 
prehensive title. The site of the exhibition is on the 
western outskirt of the city, pleasantly situated between 
Corstorphine Hill on the north and Craiglockart Hill 
on the south. Though somewhat distant from the 
centre of the city the means of communication are 
ample. The exhibition ground is divided into two 
almost equal portions by the Suburban Railway of the 
North British Company, while the Caledonian Com- 

any’s main line from Glasgow to Edinburgh forms a 
boundary to the ground on the north, and sidings have 
been laid down, enabling heavy exhibits to be delivered 
into position in the buildings. The tramway cars set 
down passengers at the main entrance as will also the 
electric boats which are to ply upon the adjoining 
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by the Sheriffs and Town Clerk, on which occasion the 
civic party will be the guests of the Lord Provost of Edin. 
burgh. The Marquis of Lothian, Her Majesty’s goo, 
tary for Scotland, is president, Mr, Lee Bapty, genera) 
manager, Mr. G. E. Watson, secretary, and Mr, W. A, 
Bryson, engineer and electrician. 


KENNEDY'S ALTERNATING ELECTRO. 
MOTOR. 


THE cut below is a sketch of Mr. Rankin Kennedy 
new alternating electro-motor. It consists of two 
ordinary dynamos, ring or drum armatures (drum 
armatures in drawing), and laminated field magnets. 
both armatures are on the same shaft, their coils being 
connected together. One of the machines acts as the 
motor, the other takes the place of the commutor: 
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KENNEDY’s ALTERNATING ELEcTRO-Moror. 


canal. The buildings alone cover about 15 acres and 
are constructed almost entirely of wood with galvanised 
The main building, containing the British 
and the Foreign Courts, is 700 feet long and 300 feet 
broad, and the machinery hall, of which the central 
portion is occupied by the dynamo court, is 750 feet 
long and 150 feet in breadth. In addition to these two 
principal erections, there are buildings to be occupied 
respectively as music hall, 200 feet by 100 feet, ari 
galleries, 160 feet by 90 feet, artistic furniture gallery, 
300 feet by 100 feet, and other smaller annexes. The 
grounds are being laid out with shrubs and flowers and 
a programme is being arranged for music, illumina- 


‘tions, foot races, bicycle competitions, football matches 


and, no doubt, Highland games, which will, doubt- 
less, be better appreciated in the northern capital 
A practical turn, at the same 
time, is to be given to the scheme by the organisation 
of acourse of lectures, explanatory of the principles, 
construction, and object of the chief exhibits, and there 
will also be special meetings of the Institute of Electrical 
Engineers and other scientific bodies. The exhibition 
opens on the lst of May. The Duchess of Fife was at 
first invited to perform the ceremony of opening, but 
was unable to respond, and it is now arranged that the 


Duke of Edinburgh, accompanied by the Duchess, will 


open the exhibition at 1 o’clock on the day named. If 
not actually settled, it is confidently anticipated, that 
sometime before its close a visit will be paid to the ex- 


hibition by the Queen, and the Lord Mayor of London, © 
_who is the president of the London Committee and has 


taken a great interest in the movement, pays an official 
visit to the exhibition on the 19th of June, accompanied 


there are no brushes and no commutator, therefore no 
possibility of sparking. 

It requires two currents, one at a quarter of an 
alternation “\Y in advance of the other, but it does 


not require any synchronising, and it can start with 


load on from rest; the two currents at different phases 
are obtained from a transformer or two line wires with a 
third for a common return, or from a coil wound on 
the field of one of the combined machines. 
u.achines are made multipolar. 


City and Guilds of London Institute.—The following 
course of summer lectures will be given by Prof. Ayrton 


at Exhibition Road, S.W., on Mondays and Wednesdays 


from 4 to 5 p.m., commencing April 30th :—* The 
Laws of Self and Mutual Induction and their Applica- 
tion to Alternate Current Circuits, and to Cireuits wi 

Fluctuating Currents ;” “ Practical Methods of Mes- 
suring Coefficients of Induction ;” “ Practical use of 
Accumulators and Transformers in Electric Distribu- 
tion ;” ‘Transformers, Direct Current, Alternate 
Current, Testing, Power, Efficiency ;” “The Absolate 
Systems of Electrical and Magnetic Units—the True 
and so-called Legal Practical Units;” “The Con- 
struction, Laying, and Testing of Submarine Cables; 
“The Determination of the Position of Faults in Lan 
Lines and Cables, Simplex, Duplex, Quadruplex an 
Multiplex Signalling on Land Lines ;” “ Combin 
Telegraph and Telephone Systems ;” “Simplex 42 
Duplex Signalling through Cables.” The lectures are 
open to outside persons who are not students ot’ 
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NOTES. 


Theatre Lighting.—The new Théatre Municipal at 
Tours is lit concurrently by gas and electricity. 


Gas Lighting in Persia.—The Persian Ambassador 
at Berlin has orders from the Shah to send gas 
engineers, workmen, &c., to Teheran, with a view to 
the introduction of gas lighting in the towns of the 


Empire. 


Coatbridge and the Electric Light, — The Town 
Council has resolved to consent to the Electric House- 
to-House Company applying for a provisional order for 
the electric lighting of the burgh. 


Lighting at Berlin.—The works for the lighting 
of the Hotel de Ville, which are being carried out by 
Messrs. Siemens (late Siemens and Halske), will be 
completed before July next. 


The Electric Light at Mauch Chunk.—The capital 
of the American Alps has just been provided with an 
electric light plant. The inhabitants of the “‘ Switzer- 
land” were quite elated over the innovation. The 
system used is the Westinghouse. | 


. The Lighting of Salonica,—The canalisation works 
undertaken by the Société Ottomane for the lighting of 
Salonica by gas are now complete. 


Electric Lighting at Plymouth.—The Town Council 
has granted consent to the Devon and Cornwall Elec- 
tric Supply Company, Limited, for the lighting of the 
town by electricity. 


% Ipswich Theatre Lighting.—A theatre is about to be 
erected in Ipswich under the patronage of Lord Gwydyr, 
Lord Elcho, Sir Charles Dalrymple, and other well- 
known friends of the stage. Weare reminded, says a 
morning paper, that in the old theatre of this town 
David Garrick made his first appearance ; here, also, 
Mrs. Keely, then Miss Goward, a native of Ipswich, 
began her dramatic career ; and in later years Mr. J. L. 
Toole made his debut. Ipswich has greatly increased in 
latter years, and has now some 60,000 inhabitants. The 
new theatre, which will be constructed to hold about 
1,000 persons, will be fireproof, lighted by electricity, 
and isolated from other buildings. The architect is 
Mr. Walter Emden. 


The Electric Lighting of Chelmsford.—In our com- 
ments last week upon the electric lighting of Chelms- 
ford, we stated that “if the light should fail Messrs. 
Crompton & Co. will be liable to a fine of £500.” The 
£500 security was a guarantee that this company should 
carry out its contract to make the installation complete, 
and to light up the town with the agreed number of 
lamps. This having now been done, the only penalties for 
failures, if any such should occur, are those of 4d. per 
hour and a halfpenny per hour for arc and incandes- 
cent lamps respectively, during such time as the lamps 
may happen to be out. | 


Paris Lighting.—The credit of 100,000 francs voted 
by the Municipal Council for experimental lighting 
Will be applied to the incandescent lighting of the 
rues Auber and des Halles, and to the arc lighting of 
the quais Valmy and Jemmapes, the avenue. Clichy, 
and the rue des Apennins. | 


ae Light in France,—First trials with the electrical 
station recently established at Troyes by the Compagnie 

ationale d’Electricité were very successful. The same 
ae has obtained concession of the electric lighting 
of Nimes, which is shortly to be taken in hand. 


The Old Students’ Association.——Mr. Reckenzaun 


rires the meeting on April 30th on electric 


Telephonie Extension in Devonshire.—Considerable 
progress has already been effected by the Western 
Counties and South Wales Telephone Company in 
Devonshire, where the advantages of the system appear 
to be generally appreciated at their real worth; The 
company have lately announced that in cases of fire, 
robbery, illness, &c., their call-rooms at Plympton, Ivy- 
bridge, Avonwick and surrounding: localities will be 
available to the public at any hour of the night, except 
Sundays, on payment of the usual toll charges, for the 
purpose of communicating with the fire brigade, police, 
or infimaries, or, in the event of great urgency, with 
any of the subscribers. This liberal concession, which 
is characteristic of the policy of the company, has 
abe much satisfaction in the districts to which it 
applies. | 


The Royal Society.— Yesterday the following papers 
were read :—Shelford Bidwell, F.R.S., “On the Effect 
of Tension upon Magnetic Changes of Length in Wires 
of Iron, Nickel, and Cobalt ;* Dr. Hopkinson, F.R.S., 
“ Magnetic Properties of Alloys of Nickel and Iron.” 


Civil Engineers’ Students’ Meeting.—This evening a 
paper will be read on “ Some applications of Electricity 
in Engineering Workshops,” by C. Frewen Jenkin, B.A.., 


Stud. Inst. C.E. 


The Submarine Telegraphs.—At a recent Parlia- 
mentary sitting Mr. Henniker Heaton asked the Post- 
master-General whether the purchase of the submarine 
telegraphs between England and the Continent had 
resulted in a financial success; and whether he was 


in a position to give the approximate expenditure and 


the receipts of this service from the period of purchase 
up to date. In reply, Mr. Raikes said it was difficult 
to attach a precise meaning to the words “financial 
success ” as employed by the hon. member, but the 
result of the acquisition of the submarine cables 
between this country and the Continent might, on the 
whole, be described as satisfactory. In view of the 
approaching International Telegraph Conference it 
would be contrary to the public interest to make any 
official statement at present respecting the details of 
this question. 


The Height of Baildings.—The action of the City 
Council of Minneapolis, U.S.A., in disallowing the issue 
of licenses for the erection of buildings over 100 feet in 
height, will, it is said, have a serious effect on the ques- 
tion of electric lighting insta!lations. 


A Probable Litigation —We understand that some 
lively revelations as to the way of conducting business 


will be made known in alegal action which will shortly 


be taken by an electrical company against an electrical 


manufacturing firm. The former gave out a contract 


to the latter for electrical apparatus and actessories, and 
the contract was’ not completed until some months 
after the specified time. Then when the plant was 


finished the contracting firm demanded a larger sum 


than the contract figure; and would not hand over the 
plant until the additional money was paid. Moreover, 
we are informed that the manufacturing firm has 
endeavoured to oust the inventor from the company 80 
as to take his place, and repudiates his claims as to his 
invention. wer | 


Fatal Accident on an Electric Railway.—-Reuter 
telegraphs :—Budapest, April 21st. A sad accident 
occurred on the electric railway here yesterday. A 
woman was knocked down by an approaching train, 
caught by the wheels, and terribly mangled. A number 
of people who witnessed the occurrence made an 
attempt to lynch the engine driver and the guard, and 
it was only with difficulty that the mounted police 
rescued them from the violence of the infuriated 
crowd. | | | | 
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An Extraordinary Piece of Stealing.—Everyone in 

France is familiar with the story of the priest to whom 
one of his flock confessed that he was guilty of having 
stolen the anvil of the big steam hammer at the work- 
shop ; the priest, shocked at the enormity of the mis- 
chief, earnestly entreated the culprit to effect a prompt 
restitution of the stolen goods. It has often been said 
that fact is stranger than fiction, and we have an illus- 
tration.of this saying in the following story, given by 
the Paris Intransigeant :—“ The administration of the 
‘Théatre des Variétés ’ was very much surprised to find, 
about a month ago, that a theft had been perpetrated to 
their prejudice ; the battery of accumulators used for 
the lighting of the theatre by electricity had been stolen. 
This battery, composed of 33 accumulators, weighing 
each 15 kilogrammes (a total weight of 570 kilogs., or 
over 12 cwts.), had disappeared without anybody’s 
attention having been attracted to the fact. Enquiries 
instituted by the directors did not lead to any result ; 
the firm of electricians which supplied the apparatus 
were not more successful in their attempt to elucidate 
the mystery. The matter was given up and almost 
forgotten, when the managing director of the theatre 
received a letter running as follows :—‘ Sir,— You must 
have been very much surprised at the disappearance of 
your electric accumulators. Do not despair; they will 
be sent back to-day, without any cost for carriage,’ 
Ce qui fut dit fut fait for,a few hours later, a car, 
heavily loaded, stopped in front of the theatre, and the 
authorities were informed that the 35 accumulators, all 
in a perfect state, were ready for delivery. The carman, 
duly questioned, could only say that he met in the 
street some men, unknown to him, and harnessed to a 
_wheel-barrow containing the apparatus ; they engaged 
in conversation with him, treated him with a few 
glasses, and induced him to undertake the delivery of 
the goods at the theatre, paying him a sum of five francs 
for his trouble. The man did not know anything more 
about it, and, as our contemporary winds up: ‘ L'affaire 
en est la.’” 


The Production of Copper.—The present supplies of 
copper in England and France stand at 95,000 tons, as 
against 125,000 tons in March, 1889. A year of very 
active trade has thus only effected a diminution of 
30,000 tons in the public stocks, which are still twice 
as large as they were when French speculators first 
turned their attention to the copper market. With 
regard to consumption, the deliveries in England and 
France for the year ended February 28th last amounted 
to 134,000 tons, against only 59,000 tons in the pre- 
ceding 12 months. In production there was an increase 
of nearly 4,000 tons. The total production in 1889 was 
262,990 tons, as compared with 259,126 tons in 1888, 
223,973 tons in 1887, and 217,136 tons in 1886. With 
the exception of Chili, there was an increase in the 
supply of copper last year from all the leading sources. 
Statistics show that at the present range of prices the 
tenilency is for production to increase rather than to 
diminish. Consumption is expected to do little more 
than keep pace with supplies, even if it does that. 


Electric Tram at Clapham.—Early on Wednesday 
morning, says the Echo, the first electric tramcar for 
use in London was conveyed to the South London yard 
by the London Electric Tramcar Syndicate at Clapham. 
In a few days it will run from Clapham to Tooting. 
This is the first of six similar cars for use on the South 
London line. They will run at about the same rate as 
the horse cars, and are fitted to accommodate 44 pas- 
sengers each. 


A Question of Priority.—The Secretary of the Laing, 
Wharton and Down Construction Syndicate writes to 
us claiming for Weybridge, in Surrey, the honour of 
being “the first town in the country to be lighted 
throughout by electricity,’ the installation having 
been started on March Ist last. 
that at the inauguration of the Chelmsford public light- 
jing on-the 14th inst. that distinction, whatever it ma 
be worth, was claimed for the latter town. ' 


It will be remembered: 


Edison in England.—The Manchester Courier 
Mr. Edison is expected to be in London in time to tae 


part in the American banquet to Mr. Stanley. He will 


leave New York in the early part of next week and 
will be accompanied by his wife, his private sec 
his chief electrical engineer, and his legal adviser (Mr, 
Eugene Lewis). Before returning to America the party 
will make a tour of the principal European capi 
with the view of making arrangements regarding the 
patent rights of the phonograph in each country, It jg 
reported that in addition to perfected phonographs, Mr 
Edison brings with him several other inventions which 
he will make public in Europe for the first time, 


Telephones in Paris.—A little time ago it was 
rumoured that the central telephonic station of Paris 
would be installed in the top storey of the “ Bourse” 
but this idea has been abandoned. The exchange will 
now find a home in an immense pile of build 


which are going to be erected in the rue Gutenberg, 


just opposite the new General Post Office, rue Jean 
Jacques Rousseau, and in which it will find ample 
accommodation. The buildings, the plans of which 
have already been submitted and approved, are to be 
three storeys high, and the ground floor is to be 
utilised for the purpose of housing the Post Office 
vehicles. On each floor will be fitted a switchboard, on 
the American style, capable of accommodating from 
15,000 to 20,000 subscribers. The new central exchange 
a + ei to be ready for opening by the beginning 
| 


Is Adelina Patti's Voice Her Own ?—Under this 
heading, a Paris daily newspaper announces that 
Madame Patti has begun an action at law against a 
certain American Barnum who, being the proprietor of 
one of Edison’s most recent and perfected phonographs, 
has successfully “ bottled” a few of the diva’s best 
songs, and is retailing them through the length and 
breadth of the States to an admiring . . . . and 
paying public. Madame Patti naturally complains of 
this damaging competition, but it rests with the 
tribunals to decide if an artiste’s voice is his or her 
own, phonographically speaking. 


Extension of the Telephone System in the North.— 
The National Telephone Company have just completed 
their trunk lines from Inverness to Dingwall and 
Strathpeffer vid Beauly, and have opened exchanges in 
Dingwall and Strathpeffer, which now become the 
most nothern points touched by the telephone exchange 
system in Great Britain. 


A Large Order.—The great increase occasioned by 
electricity in the demand for certain classes of material 
is, says an American exchange, well illustrated by the 
order which has just been placed by a Louisiana elec- 
tric light company for two driving belts, one of 
which is to be 160 feet long and 72 inches wide, and 
the other 48 inches in width, and of much 
length. These will require the hides of more than 600 
head of cattle. | 


Italian Telegraphy.—The Baudot multiple apparatus 
has been installed on the telegraph lines between Turin, 
Milan, and Naples. . 


Speed Indicator Wanted,— There is,” says Modern 
Light and Heat, “ an excellent chance for an ingenious 
inventor to devise a cheap and reliable speed indicator 
for electric cars.” | 


An Exhibition at Prague. — Tho inhabitants of 


Prague recollect the fact that the first industrial 


exhibition ever held took place at Prague in der o 
honour of the coronation of the Emperor L?0po0 the 
King of Bohemia, and are preparing to celebrate 


centenary in a manner to give an idea of the ee 


which has since been made in industrial arts, 
arts, and science. 


LI 


| 

| 
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posed Inspection of Electric Plants by Under- 
anderwriters have appointed a com- 
mittee to consider the feasibility of appointing special 
inspeciors of electrical wires and appliances in buildings 
upon which they have risks. The Western Electrician 
considers it a complimentary tribute to the construction 
work of the Chicago electric companies that the neces- 
sity of this step has not been felt before, and expresses 
a doubt that even now anything will be done in the 
matter. 


The Late Joseph Henry Appreciated.—Congress is to 
be asked to pay the two daughters of the late Professor 
Joseph Henry $20,000 as part compensation for their 
father’s gratuitous services as a scientist. A number of 
scientific gentlemen are discussing the question of 
giving the names of Henry and Franklin, and perhaps 
gome other Americans, to the electrical units which 
bave not yet been definitely named. 


Extension of Business.—The United Asbestos Com- 
pany, Limited, has recently opened an additional branch 
house at Provident Buildings, Clare Street, Bristol. 
The company’s business is extending, and it has now 
branch houses in Glasgow, Newcastle-on-Tyne, Man- 
chester, Liverpool, Cardiff, Bristol, Paris and St. 


- Central London Electric Railway Bill.—The con- 
sideration of this scheme for carrying an underground 
railway from Uxbridge Road to the Bank, at a cost of 
over three millions sterling, was resumed on Monday 
before the Select Committee of the House of Commons, 
under the presidency of Mr. Walter James, Mr. Great- 
head, the engineer, said that there would be two tunnels 


11 feet in width. There would be more accommodation 


in height and width than in the nnderground railways. 


The carriages would be entered from the ends, as in 


the tramcars, and they would weigh about one-half 
that of a Metropolitan carriage—that is, 80 tons as 
against 165 tons. There would be nine stations at 


intervals of about half a mile, and two termini, and the 


total capital and borrowing powers would be about 


three and a quarter millions sterling. There was not 


the slightest fear of vibration or noise above ground, 
the average depth from the surface being 50 feet. 


There would be no blow-holes, as in the Metropolitan 


railways, where steam was used, and the locomotive 


engines would be entirely driven by electricity. Dr. 


Hopkinson, the electrical engineer, said that the cost 
of generating power and locomotive engines, and other 
plant, would be about £275,000. It is expected that 
the enquiry will go on for about a fortnight, nearly the 
whole of the Parliamentary Bar being engaged. 


Electrical Engineering at King's College.—Great 


efforts are being made by the Council of King’s College 
to meet the growing wants of the age, in the direction 
of electrical 
of this College has always had a high reputation, but 
how, thanks to the munificence of Lady Siemens, a 
nv laboratory for electrical engineering, to perpetuate 
re a of her distingnisbed husband, and to be called 
a . illiam Siemens Laboratory,” is to be constructed 
Th tted with every modern electrical appliance. 

rough the kindness of the well-known engineers, 
pervs Davey, Paxman & Co., of Colchester, the 

uncil is enabled to equip a fine engine and boiler 


room with all the machinery requisite to provide the 


necessary power, and it is hoped that by thi 
, y this means 
the whole College will ultimately be lighted by elec- 


lricity. A new chair of i i 
ane established, ir of electrical engineering has 


‘ppointed—namely, Dr. John Hopkinson, F.R.S., the 


resident of the Institution of Electrical Engineers, © 
n gr no better selection could be made to under- 
6 the direction of such a laboratory. It is hoped 


À 6 new arrangements will commence with the 
ber session. 


engineering. The engineering department 


and the first Professor has been 


À Method of Repairing Short-Circuited Condensers.— 


. J. O'Connell, electrician of the Chicago Telephone 
Company, writes to a contemporary as follows in regard 
to crossed condensers: “ We have been obliged to 
abandon a considerable number of condensers in tele-: 
phone work because they became crossed and short- 
circuited. Lightning, whenever it strikes a condenser, 
will almost invariably cause a cross. While experi- 
menting recently I ascertained an easy way of removing 
a cross in a condenser. It consisted simply in passing 
a current of about 20 ampéres through the condenser 
until the tinfoil was fused at the point where the cross 
existed. The remedy has proven so effective that a 
cross never reappears at that point in the condenser 
again. After I removed crosses from a condenser 
recently by this means, I endeavoured by the discharge 
of an induction coil to cause them to return, but found 
I was unable to do so. A great many crossed con- 
densers might be fixed by this simple remedy, so I pre- 
sent it for the benefit of the readers of the Western 
Electrician. 1 may say that I used 110-volt Edison 
current in the experiment.” 


Insurance Inspectors to be Inspected.—A meeting 
was recently called of electrical and insnrance men, in 
New York, to complete arrangements for a number of 
insurance inspectors to be examined and instructed by 
first-class electrical engineers, so as to be able to deter- 
mine correctly the quality of all electrical work. 


Electrical Communication between Lighthouses and 
the Shore.—This important subject occupied the atten- 
tion of the Plymouth branch of the Royal National 
Lifeboat Institution at its annual meeting last week. 
The committee reported that, in pursuance of the reso- 
lation passed at a special meeting last year, a circular 
was issued, inviting all the branch committees of the 
institution to unite with this committee in supporting 
their memorial to the parent committee, urging the 
necessity of strong efforts being made to induce the ' 
Government to establish a system of telephonic and 
telegraphic communication between coastguard stations, © 
shore lighthouses, and lifeboat stations on the salient ~ 
points of the coasts of the United Kingdom, and the 
telegraph system. Some 188 branch committees had - 
expressed approval of the memorial, and their desire 
to support it on presentation. The memorial was ac- ' 
cordingly presented in February last by Vice-Admiral 
Hickley, chairman of the branch, and it was very 
favourably received, the parent committee expressing - 
their entire concurrence with its purpose, and appoint- 
ing a strong special sub-committee to consider the sub- - 
ject. There was thus much ground for hoping that the 
question was approaching a satisfactory solution. Vice- ; 
Admiral Hickley, who presided, explained that the cost : 
to the nation, if the proposed scheme were undertaken : 


hy the Government, would be between £100,000 and : 


£110,000; but when they thought of the enormous’ 
capital the country had floating at all times of the year, . 
aud the number of souls employed in connection there- 


with, the importance of electrical communication with . 


the shore, in the event of shipwreck or other accident, 
was too obvious to be dwelt upon. Considering the. 
great advantages to be derived from this communica- 
tion, the cost was but trifling. Mr. Bayly said that they . 


should not rest until they had communication round |: 


the coasts, such as existed in Denmark. 


Modesty and Philanthropy !—‘‘The world owes a 
debt of gratitude to Mr. Geo. Livesey,” says the Gas 
World, and, continues our contemporary, “the Testi- 
monial Committee has succeeded in scraping together | 
for the purpose of discharging the debt—£1,700 after | 
six weeks of circularising and advertising.” Now Mr. 


Livesey does not want a clock, a portrait, or a teapot, 


having, doubtless, more of these than he needs, so he - 
suggests that the testimonial should take the form of 

a park for the poor of London. The suggestion shows 
Mr. Livesey to be as philanthropic as he is modest, - 
since the park would cost something like £20,000. a 
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Electrical Companies Falling Out.—The case which 


originated in the seizure by the Société Française 


d’Accumulateurs Electriques of Pollak accumulators 
made in M. Constant Rousseau’s factory, came before 
the 10th Correctional Court at Paris on the 17th inst., 
when MM. Bergon, de Parville and Fribourg were 
appointed experts to report upon the matter on the 29th 


prox. we 


NEW COMPANIES REGISTERED. 


Venezuela Telephone and Electrical Appliances. 


Company, Limited,—Capital, £70,000, in £1 shares. 
Objects : To carry on in the Republic of Venezuela the 
businesses of telephone and telegraph companies, and 
to act as contractors for the supply of electricity for 
lighting and other purposes. Signatories : Sir Douglas 
Fox, Kingston-on-Thames ; J. W. Phillips, M.P., 24, 
Queen Anne’s Gate; W. P. van Laar, Paris; Hy. P. 
Gilbert, 7, Poplar Grove, Shepherd’s Bush Road, 250 
shares each ; Louis Franke, Winchester House, 2,000 
shares; D. Antaminson, Amsterdam, 500 shares; J. 
Simpson, Bushey View, Hampton Wick, 100 shares. The 
signatories are to appoint the first directors ; qualifica- 
tion, £250 in shares ; remuneration, £500 per annum, 
divisible. Registered office, Winchester House, Old 
Broad Street. Registered 22nd inst. by Ashurst Morris, 
Crisp, & Co, 6, Old Jewry. 


OFFICIAL RETURNS OF ELECTRICAL 
COMPANIES. 


Fowler, Lancaster and Company, Limited.—An 
agreement of 20th February, filed on the 4th ult., cites 
that by an agreement of 4th January it was agreed that 
the company should purchase the business of electrical 
engineers carried on by Fowler, Lancaster & Co., at the 
Albert Works, Graham Street, Birmingham, in con- 
sideration of the sum of £9,900, whereof £6,000 was. to 
be satisfied by the allotment of 600 fully-paid pre- 
ferred shares, and £200 by the allotment of 20 fally- 


paid deferred shares ; and that as further part of the. 


consideration the company should issue to the vendors, 


or their nominees, as fully paid up, one equal sixth part - 


of any share capital hereafter to be created. 


Trent Gas Engine Company, Limited (engineers, 
and electricians). An agreement of 10th Feb- 
ruary provides for the purchase of the British 
and foreign patent rights of Richard Simon, of 
Nottingham, relating to gas engines. The British 
patents are Nos. 1,363 of the year 1885, and 16,183 for 
the year 1888. The purchase consideration is £11,000, 
payable £500 in cash, £3,000 in fully paid preference 
shares, and the balance in fully paid ordinary shares. 
Registered offices, 38, Duke Street, New Basford, 
Nottingham. | 


Fareham Electric Light Company, Limited.— The 
statutory return of this company, made up to the 10th 
inst., was filed on the 16th inst. The nominal capital 
is £5,000 in £1 shares ; 1,257 shares are taken up, and 
10s, per share has been called thereupon. The calls 
paid amount to £455, and unpaid to £173 10s. Regis- 
pr office, Wedbury Lodge, West Street, Fareham, 

ants. 


Archer Pipe Company, Limited.—An agreement of 
28th February, filed 6th ult., provides for the purchase 
by the company of the inventions, the subject of letters 
patent, Nos. 16,272 of 1886, and 1,198 of 1889, relating 
to earthenware pipes for carrying water, gas, cables, 
lines and wires for electric light, telephone, telegraph 
and other similar purposes. he purchase considera- 
tion is £8,000, payable £3,000 in cash, and £5,000 in 
fully paid shares. ~ 


Poole and White, Limited.—An agreement of 19th — 


February (filed 25th February) provides for the pur- 
chase by this company of the partnership business of 


Poole and White, electrical and mechanical engines 
of 58 and 59, Bread Street, E.C. The purchase con. 
sideration is £3,460 17s. 10d., payable as to £460 17s, 10d. 
in cash, and the residue in fully-paid “B” shares — 


Railway and Domestic Electric Lighting Company 
Limited.—At an extraordinary general meeting of the 
shareholders in this company, held at 34, Great 8t 
Helen’s, on the 21st ult., it was resolved to wind y 
voluntarily, Mr. Walter Curtis being appointed liqui- 
dator. The resolution was confirmed on the 16th inst. 
and was duly filed on the 21st inst. 


Bedford Electric Light Company, Limited.—The: 
annual return of this company, made up to the 14th 
inst., was filed on the 18th inst. The nominal capital 
is £15,000, divided into 250 founders’ and 14,750 
ordinary shares of £1 each. The shares taken up are. 
882 ordinary and 154 founders’; upon the former 1s, 
per share has been called, and the full amount upon 
the latter. The calls paid amount to £197 193, and 
unpaid to 33. 


CITY NOTES, REPORTS, MEETINGS, &. 


The Eastern Extension, Australasia, and China 


Telegraph Company, Limited. 
At the twenty-third ordinary general meeting of the shareholders, 
held at Winchester House on Wednesday last, Sir John Pender, 
K.C.M.G., presided, and the report and accounts for the half-year, 
ended December 31st, 1889, were laid before the meeting. 

The Chairman presumed the report would be taken as read. - 
He believed he might safely congratulate them upon it, and he’ 
hoped they would accept it as satisfactory. Before asking them. 
to approve it he would, as usual, go over some of the paragraphs. 
to give them some idea of what had been done in the past six 
months. Accordingly, he gave a resumé of the report, which will. 
be found printed in the last issue of the Extxctricat Review. 
He then went on to speak of the International Telegraph Con- 
ference which is to be held in Paris shortly. These conferences, 
he said, were held everyvfive years. He had always said that the. 
object of the land lines and of the irresponsible Governments with, 
long purses, with regard to those conferences, was to get tariffs 
reduced. Of course they gave away nothing out of their own’ 
pockets thereby, and it was a very remarkable fact that nearly all 
the Governments of Europe were actually working the tele-: 
graphic system at a loss. He had always found on the part, 
of the representatives of the different Governments of Europe, 
at these conferences a fair desire to meet the cable com- 
panies, and to admit that the cable system did its work 
quicker, and even better, than the land system, and that the 
cable companies were entitled to something more. But when the, 
cable companies were told that, and also that they were to charge. 
a lower rate, he, the speaker, thought that was a very nice way on. 
the part of those Governments of getting hold of the work them- 
selves. The cable companies were expected not only to do the 
work better than their rivals did it, but also cheaper. ‘The share-: 
holders would therefore see that it was necessary in their 
that they should be represented at these conferences, and they 
might depend that their interests would not be neglected, and if 
their representatives could see their way, by a reduction of the 
tariff, to increasing the company’s traffic for the benefit of the 
shareholders, they would always be ready to take a broad view of 
the matter. At the same time he was hopeful that they would 
not be required to make any special sacrifice. There was a great 
deal of talk abroad about reduced tariffs, and about what tele- 
graph companies ought to do, but when he saw those statements 
in the papers he always found that the persons from whom wm f 
originated knew nothing about it. As a rule he deprecated 
answering any statements that appeared in the public press. 
Fiction made a paper pay better than truth; vut when he saw 
such a statement as that they ouglt to carry telegrams per i 
England to Australia for a shilling, it rather made him ne 
that ignorance was being carried too far. It was te 
tendency of the press and of people to believe anything 
they thought would cheapen the article for themselves, 40 
it was necessary they should be made to understand by figure 
that they were either deceived themselves or were gars À le. 
public. The actual cable distance to Port Darwin, where ml 
yrams were handed over to the Australasian Goveramen’, © ; 
nearly 12,000 nautical miles. The out-payments alone, 7 pr 
giving any return to the Eastern Extension Company or 2 
enormous system, amounted to four shillings and gee Ay 
would be a very clever fellow indeed that could esta rs 
system for a shilling and pay four shillings to other people ver à 
it. Germany, Russia and the Indo-European Company eg 
one and fivepence ; Persia received sevenpence ; the Persian a 
Government department elevenpence; India 
penny; Java a penny halfpenny, and Australia one an eh 
pence. Consequently the out-payments were nearly five psp 
great as the tariff advocated ; and, as the Eastern Extension 
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pany must receive some remuneration for their.part. of the work, it 
was obvious that the most elementary part of the questions had not 
been appreciated. Some two or three years ago, when speaking of 
this tariff system in connection with the colonies, he stated thatif the 
company could get a Government guarantee it would so very much 
dphance the value of their property that they would be satisfied 
with a lower dividend, seeing that it would be a Government- 
guaranteed dividend; and the directors had since proposed to the 
Australian Colonies that if they would guarantee the income 


which the company received at-present, they might make the .. 
tariff what they pleased. He believed that the question had been 


very much discussed, and that it was considered a fair proposition 
by those colonies. But they said that the increase would be so 

that the companies ought to take the responsibility them- 
selves. He (the chairman) said no. If the colonies were to take 
the benefit of the increase, the company was quite prepared to 
show its belief in it by taking 25 per cent. of the responsibility ; 
but that the other 75 per cent. ought to be taken by the colonies. 
If the company was to get an increase of cent. per cent., and reduce 
it to four shillings instead of nine and fourpence, the guarantee of 
Victoria would amount only to £3,731 per annum; that of New 
Zealand to £3,727 ; that of South Australia to £',164; Western 


Australia’s to £147; New Zealand’s to £2,192; Queensland’s to: © 


£1,279, and Tasmania to £510. With those figures before them, 
and with such an insignificant sum demanded from the colonies, to 
reduce the company’s tariff from nine and fourpence to four 
shillings would, he thought, be doing their duty to the 
very fullest extent; and if’ the colonies were not  suffici- 
es. À alive to the great benefits which they would derive 
from the proposed arrangement, he could only say that ‘it 
was a subject which was more delayed than abandoned. For 
himself he would not be averse to coming to an understanding 
with the colonies which would enhance the value of the company’s 


He liked cheap telegraphy, but he also liked good 


security for his shareholders. He begged to move the adoption of 
the report and accounts as submitted, and to declare a dividend 


of 2s. 6d. per share, together with a bonus of 4s. per share (both . 


free of income tax), payable on the 24th inst., and making, with 
the previous distribution, 7 per cent. for the year 1889. 

The motion was seconded by Mr. F. A. Bevan, and carried 
unanimously. | 

Mr. C, W. Earle and Sir Thomas Fairbairn, Bart., were unani- 
mously re-elected directors, and Messrs. Henry Dever and Welton 
Jones & Co. were re-appointed auditors at a salary of £100. 

The Chairman, replying to a vote of thanks to himself and the 
directors, said the company certainly was a big concern and was 
growing bigger almost daily. Its management required some 


judgment and sometimes good temper. At the same time he had . 


never been more satisfied with the working of their submarine 
system. He recollected a time when a bteak in a cable caused 
him many sleepless nights; he did not lose his sleep now. He 
looked upon the company as a sound and growing property, and, 
more than that, as a property that the world and the governments 


of the world could not for one moment dispense with. It was a 


great public necessity, aud would, hé trusted, always be guided 
and: piloted with such a degree of moderation and judgment as 
that it would command not only the support of its shareholders 


but the support of the Governments who were watching it very — 


closely, and that of the general telegraphing public. 


The Oriental Telephone Company, Limited. 


Ix the directors’ report for the year ending 3lst December, 1889, 
to be presented at the 10th ordinary general meeting of the com- 
pany, to be held at the City Terminus Hotel, Cannon Street, 
— City of London, on Tuesday, the 29th day of April, 1890, at 
our o'clock p.m., shows that the net profit for the year is 
£5H9 ls. 11d., after writing off £438 6s. 3d. for exceptional 
a at three of the company’s branches. Including the sum 
: 4685 183. 11d. brought forward from 1888, the amount available 
ré capone is £7,805. 03. 10d., which the directors recommend 
: d be dealt with as follows :—To place £2,000 to the reserve 
port to transfer £500 in reduction of value of stores at branches ; 
on lage in reduction of amount expended on exchanges on hand, 
will then stand at £34,000; and to pay a dividend of 3 per 
» free of income tax, on the paid up capital of the company, 
x than the vendors’ shares, carrying forward £1,237 23. Rd. 
Bi returns from the Indian companies for the past year show 
improvement. The Bengal and Bombay companies have 
a dividends of 4} per cent. and 3 per cent. respectively on 
cir issued capitals. 
Bi. Telephone Company of Egypt has declared a dividend of 6 
p nt. on its preferred shares, free of income tax, and carries 
yey £1,459 ls. 4d. 
. The dividends accruing on the shares held by this company, 


in the abov 
accounts as “he ame companies, have been brought into the 


ba exchanges at 
2 rs at Madras, Moulmein, Colombo and Port Louis make 
sen e progress. A change has recently been made in the 
Mauritius, involving some additional initial 
that bre which it is hoped may result in some improvement at 
in the early future. 
aden hina and Japan Company has further developed its 
past = at Shanghai and Hong Kong. The accounts for the 
ro ap show a surplus of £573 16s. 4d., after paying debenture 


and writing off £300 15s. 10d. in respect of depreciation _ 


A meeting was held in response to this circular, 


Rangoon and Singapore continue to expand, . 


and preliminary expenses. _In order to provide that compan 
with more working ba re. your have taken up A md 
the current year an additional £500 of its 7 per cent. debéntures. 
During the early part of last year a circular was issued by the 
directors to each holder of the vendors’ shares asking them to 
meet the board in reference to a rearrangement of — account. 
ut up to the 
present the negotiations have not resulted in an a ment. 
The directors who retire at the meeting are Mr. W. Addison 
and Mr. G. B. Frost, both of whom being eligible offer them- 
selves for re-election. : 
The auditors of the company, Messrs. Deloitte, Dever, Griffiths 
and Co., also retire, and offer sinealods for re-election. 


Reuter’s Telegram Company, Limited. 


Tue 26th ordinary general meeting of the shareholders was held 
at the company’s offices, No. 24, Old Jewty, on Wednesday, the 
Right Hon. Sir John C. D. Hay, Bart., K.C.B., presiding. The 
report, which appeared in our last issue, having been taken as 


The Chairman, in moving its adoption, said at their last meeting 
they had rather poor results to show for the year 1888, owing to 
causes which were then indicated. The year 1889, though not 
devoid of important results entailing considerable expeñse for 
telegrams, had been comparatively quiet. There had been no 


little wars to drain the company’s coffers without its deriving extra — 


contributions from its subscribets. The quieter state of political 
affairs had been accompanied by great prosperity in most 
countries, and the company’s revenue had consequently been 


swelled by extra sources of income. In a business like this it was 


always unwise to disclose a company’s affairs too minutely for the 
advantage of active competitors, and the directors knew that 
shareholders always appreciated: reticence. They felt bound to 
warn the shareholders that a check to trade meant a restriction 
of commercial telegrams and subscriptions, so that the favourable 
figures presented must not be considered as outside the influence 
of trade fluctuations, a3 well as political affairs. For this reason 
the board had thought it prudent to replace two-thirds of the 
amount taken from the reserve fund to make up the 5 per cent. 
dividend in April last year. The réserve then would stand at 
nearly £12,000, so that the company’s financial position was strong. 
With regard to the negotiations with the company’s Continental 
lines, he was happy to say that, thanks to the company’s managi 


- director, who made sundry trips abroad to personally conduct 


them on behalf of the company, those negotiations had resulted in 
the conclusion of new agreements for a term of many years; so 
that whilst the company was thereby fortified against competi- 
tion of an international character, it preserved absolute inde- 
pendence in its own territories. The same independence was 
enjoyed by the different international agencies in their respec- 
tive countries with which the company was connected by working 
arrangements. In conclusion, he expressed the regret of the 
board and of the shareholders at the retirement of Mr. Frederick 
J. Griffiths from the secretaryship, owing to ill health. _  . 

The Hon. Mark F. Napier seconded the motion, which was 
carried nem con. 

On the motion of the Chairman, seconded by Mr. H. de Reuter, 
the re-election of the Hon. Mark F. Napier was agreed to; Messrs. 
Welton, Jones & Co. were re-appointed auditors, and with a vote 
of thanks to the chair and directors, the meeting broke up. 


Great Northern Compauy of Copenhagen, 


Tax directors’ report just issued shows the traffic receipts, 
together with balance on the 31st December, 1888, and sundries, 


amount to £336,552 7s. 7d. Under the head of expenditure, 
salaries and wages are given at £38,974 103. 6d.; ‘expenses of 
stations, offices and agencies, £8,602 83. 7d.; supervision and 
maintenance of lines, £12,593 0:. 8d.; instruments and cells, 
£2,858 63. 4d. ; maintenance of buildings, £443 83. 5d.; travelling 
expenses, £691 133. 5d.; bank commission, &c., £3,654 1s. 3d., 
and sundries, £428 54. 11d.; 5 per cent. interest on debentures 
and amortisation of 350 debentures amounts to £49,250. The 
remaining sum of £219,055 123. 6d. is appropriated as follows: 
Interim dividend on 150,000 shares at 5 per cent. and extra divi- 
dend of 2} per cent., £112,500 ; addition to reserve fund (which is 
now £629,347 133.), £55,555 lls. 1d.; addition to pension fund, 
£2,777 15s. 7d. ; directors fees, £1,500; balance carried forward, 
£46,722 5s. 10d. 


TRAFFIC RECEIPTS. 


The Western and Brazilian Telegraph Company, Limited. The receipts for the week 
énding April 18th, after deducting the fifth of the gross receipts payable to 
the London Platino-Brazilian Telegraph Company, Limited, were £4,055 

The West India and Panama Telegraph Company. The receipts for the half-month 
ended April 15th, are £3,593, as compared with £3,742 in the correspondiu 
period of 1889, 
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Blackpool Electric Tramway Company, Limited, £10 (2£6} paid), 6{—7.—Electric Construction Corporation (£10 paid), 94-10: 
—House-to-House Company (£5 paid), 5—53—London Electric Supply Corporation, Ordinary (£5 paid), 24—23.— Manchester 
Edison and Swan Company, £9, (£1 paid), 11/- —12/-. 


Bank Rate or Discount.—3 per cent. (17th April, 1890). 
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SHARE LIST OF ELECTRICAL COMPANIES. 
Stock or osing Business done 
Share. Capri 17). week ending 
£ Highest. | Lowest, 
250,000 | African Direct Telegraph, Ltd., 4 c. 100 98 —101 98 —101 99 
1,549,160 Limited | Stock 48}— 49}xd) 49 — 50 44 | 
2,725,420 Do. referred . ES ase ie … | Stock 83 — 84 ats 83}— 84 xd, 84} 834 
2,725,420 Do. = Deferred … | Stock 14 — 14} 14}— 14} 144, | 14 
24,000 | Australasian Electric Light, &e., Limited, Nos. 1 to 24,000 oat 5 
130,000 | Brazilian Submarine Telegraph, Limited .. eee 10 123— 123 12}-— 12} 12} 124, 
9,000 Do. do. 5 p. c. Bonds.. 100 100 —102 101 —103 | 
75,000 Do. do. 5 p. c. 2nd Series, repayable J une, 1996 100 104 —107 105 —108 1064 à 
63,416 | Brush Electric Engineering Ordinary, Nos. 1 to 63,416...  … 3 2i— 23 2}— 2} 255) 24 
63,416 do. Preference, Nos. 1 to 63,416 2. 1f— 14 li 14 
224,850 Consolidated Telephone Construction and Maintenance, Ltd. . 14/- | i — HO 
20,000 | Crompton & Co., Limited, 7 P- c. Pref. Shares, Nos. 1 to 20, 000 | Stock 5k— 6 | 53— 565} 
16,900 | Cuba Telegraph, Limited 10 11 — 114 11 — 11; 11} sé 
6,000 Do. do. 10p. c. Preference 10 173— 18} 174— 18} 18} 17} 
12,931 | Direct Spanish Telegraph, Limited ove (44 only paid) 5 33— 4} 33— 4} 
6,000 - Do. do. 10 p. c. Preference  … soe ee 5 9 — 10 9 — 10 
60,710 Direct United States Cable, Limited, 1877 20 10 — 10kxd) 103— 108xd) 105; 14 
400,000 | Eastern Telegraph, Limited, Nos. 1 to 400,000 10 14 — 144xd;  144— l4ëxd, 1 14 
70,000 Do. : 6 p. ¢. Preference lu 145— 15 xd} 143— 15kxd) 14}$ | 14 
200,000 Do. 5 p. c. Dehs. (1877 issue), 1 epay. Aug. ¥ 1899 » 100 106 —109 106 —109 
1,200,000 Do. 4 p. c. Mortgage Debenture Stock | 108 —110 109 —111 110 199 . 
250, Eastern Extension, Australasia and China Telegraph, Limited 10 144— 144 144— 143 144 144 
320,000 Do. 6p. c. Debentures, repay. February, 1891 _ ... 100 100 —102 100 —102 
446,100 Do. : 5p.c. (Aus. Gov. Sub.), Deb., 1900, red. ann. drgs. 100 103 —106 103 —106 106 
12,500 Do. 5 p. c. Debentures, 1890, redeem. ann. drawings _ ... 100 100 —102 100 —102 
367,900 | Eastern and South African Tel., Ltd. 5 p. c. Mort. Deb., 1900.. 100 101 —104 102 —105 104 102 
19,900 | *Electricity Supply Co. of Spain, Nos. 101 to 20,000 ; 5 4i— 5} 43— 5} ) 
46,700 | Elmore’s Patent Copper Depositing, Ltd., Nus. 23,001 to 70, 000 2 5 — 54xd 43— 5}xd 53 5} 
19,700 | Fowler-Waring Cables, Nos. 301 to 20 000 oor _ paid) 5 2i— 2} 2i— 2} 
180,227 | Globe Telegraph and Trust, Limited | 10 8i— Sixd 8i— 9kxd 9 8} 
180,042 Do. do. Gp. c. Preference 10 148— 144xd) 144— 15kxd 144 1443. 
150,000 | Great Northein Tel. Company of Copenhagen .. 10 153— 16 153— 16 16 18 
40,000 = do. 5 p. c. Debs. (issue of 1881) 100 102 —105 102 —105 | wes 
250,000 do. do. (issue of 1883)  … 100 104 —107 104 —107 
9,334 PRE and Batley, Ltd., O:dinary, Nos. 4,667 to 14,000 ... 10 12 — 13 12— 13 
5,334 Do. 7 p.c. Cumulative Preference, Nos. 2,667 to 8,000 10 11 — 12 11 — 12 | 
41,600 | India-Rubber, Gutta-Percha and Telegraph Works, Limited . 10 18 — 19 18 — 19 | 18} | 18} 
200,C00 Do. do. 44 p. c. Deb., 1896... - ave 100 103 —105 103 —105 | 
17,000 | Indo-European Telegraph, Limited... ‘aa 25 41 — 43 40 — 42 | 42 4} 
38,348 | London Platino-Brazilian ‘Telegraph, Limited... 10 6— 7 6— 7 | 
100,000 . Do. do. do. 6p.c. Debentures 100 106 —109 107 —110 | | 
49,900 “Metropolitan Electric Supply, Limited, Nos. 6,101 to 50,000 .. 10 6 
386575 | National Telephone, Limited, Nos. 1 to 386,875 ... 5 5i— 52 5a— 66 ; | 
49,825 Do. New Nos. 386,876 to 436,700 (£4 only paid) 5 3j— 4} 4 — 44 : 
15,000 Do. se c. Cum. lst Preference .. 10 12}— 12} 12}— 123 | 
15,000 Do. . ©. Cum. 2ad Preference (48 only paid) 10 94— 104 10 — 11 103 ois 
220,000 | Où iental Telephone, Nos. 80,001 to 300,000 (11/- only paid) 1 }— 3 
9,000 | Reuter’s, Limited ai 8 1i- 8 7i— 8} 8} 8% 
20) 750 of England Telephone, Ltd., “Ordinary, Nos. 1 to 2 000, 
| 2,501 to 3,500, 93,251 to 300,000 | 5 
2 1,000 Do. 6p.c.Cuw. Pref., Nos. 1 to 20,000 (£33 only paid) 5 3}— 34— 3} 
3,381 | Submarine Cables Trust F Cert. 110 —115 110 —115 
- 78,949 | Swan United Electric Light, Limited à (234 only paid) 5 5 — 6 4S … 
47,350 | Tele ae “À Constiuction and Matmnanenen, Limited 12 44 — 46x 44 — 46 45} : 
1 50,OUO do. do. 5p.c. Bonds, red. 1894 | 100 101 — 104 | 101 —104 
55,000 | United River Plate Telephone, Limited ... DE 44— 5 44— 5 
116,000 Do. a. tue Debenture Stock... ... | Stock 90 — 94 90 — 94 |: 
1 10,090 Do. do. 7 p. c. Debs., Nos. 1 to 1,000 Sle 100 am ie aT 
15,609 | West African Telegraph, Limited, Nos. 7, 501 to 23,109 .. 10 94— 1 95— 104 | 
3 0,100 Do. do. do. 5 p. c. Debentures ... 100 98 —101 99 —102 100 ve 
$0,000 | West Coast of America Telegraph, 10 93— 1 10; 94! 9% 
10,000 Do. do. do. 8 p. c. Debs, repay. 1902 ...| 100 121 —126 121 —1% | 
61,572 Western and Brazilian Telegraph, Limited sas 15 103;— 11 10j— 11 | i 10$ 
26,986 Do. do. do. 5p.c. Cum. Preferred .. | 74 6}— 63 6 | 6% 
23986 Do. do. do. 5p.c. Deferred .. 74 44— 43 44— 43 4} wee 
209,000 Do. dv. do. Gp.c. Debentures "à 1910. 100 106 —109 106 —109 | 
- 280,' 00 Do. 6 p. c. Mort. Debs., series “ B” of ’80, red. Feb., 1910 | | 100 103 —106 104 —107 
88,321 | West India and Panama Telegraph, Limited... 10 2i— 34 2— 3: | 3 245 
34,563 Do. do. do. 6 p. c. Ist Preference . 10 11}— 12 llj— 12 12 ve 
. 4,669 Do. do. do, 6 p.c. 2nd Preference... | 10 14 — 15 14 — 15 
1,336,000 Western Union of U.S. T' el., 7 p. c. 1st Mort (Building) Bonds | $1,000 | 122 —126 122 —126 | 
_ 179,300 Do. o. 6p.c. Sterling Bonds ... 100 °9 —101 99 —101 |! 
42,853 *Westmstr. Elec. Sup. Corp., Ord., Nos. 101 to 42,953 (£2 paid) 5 2} | 
* Subject to Founders Shares. 
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goME TESTS ON THE EFFICIENCY OF 
ALTERNATING CURRENT APPARATUS.* 


8ÿ Dr. LOUIS DUNCAN and Mr. W. F. C. HASSON. 


(Concluded from page 431.) 


Let us inquire for a moment how the increase in the 
capacity of converters will modify the designs with 
which we are familiar. In the first place, if we in- 

the linear dimensions of any type, since the 
radiating surface only increases as the square while 
the volume increases as the cube of the dimension, 
then we cannot suffer the same loss per cubic centi- 
metre of the iron for the large as for the small sizes. 
We must decrease the intensity of magnetisation or we 
must decrease the periodicity. 

Let us take a typical case. Suppose we have a trans- 
former and double all of itsdimensions. If we employ 
the same induction we will need but one quarter the 
number of turns in the coils, and as the cross-section of 
the space occupied by the wire is four times as great, 
the area of the wire may be 16 times as much. As the 
length is twice as great, the resistance in this case is 
one-eighth. But the losses in the iron are, roughly, 
eight times as great ; this we cannot allow, since the 
radiating surface is but four times as great ; hence we 
must diminish the induction. In fact we must so 
arrange things that the loss in the larger converter is 
only four times that in the smaller, in order to work at 
thesame temperature. As atthe low induction used 
the loss due to hysteresis varies nearly as the square of 
the induction we may take it roughly that the large 
converter should have an induction of three-quarters 


of the smaller one. This will modify our figures.. 


Instead of one-quarter the number of turns we will 
have one-third, and the resistance of the coils will be 
one-sixth instead of one-eighth, as we can allow four 
times the loss that we suffered before, we can have, 
roughly, five times the output. 

As a total result we have five times the output with 
four times the loss, or, as the C? R effect is not important 
as compared with the other losses, we can have six 


times the output with the same fall of potential in the 


secondary. That is, the efficiency of the larger con- 


verters will be greater than the smaller ones of the same 


design and working at the same temperature, but the 
output per pound of metal will be less. 

Suppose when we increase the size we decrease the 
number of reversals. Take a case for instance, in 


which the dimensions are doubled while the reversals | 


are halved, the maximum induction remaining the 
same. We could have half the turns in the coils, and 
as they occupy four times the space and are twice as 
long, the tutal resistance would be one-quarter, and for 
a cg heating effect we would have four times the 
utput. | 


If we take losses by eddy currents into account there 


will be a constant per cubic centimetre, provided the 


period and maximum induction are constant and the 
thickness of the plates is unchanged ; otherwise they 
will vary as the square of the induction, with a constant 

equency, or inversely as the square of the period 
With a constant maximum induction. This in practice 
would make the values of the output for the larger 
currents given above somewhat greater. What I wish 


to show, however, is that we are limited by heating. 


considerations and considerations of fall of potential in 
our secondary in the output of large converters. If we 
consider the properties of the materials of which con- 
Verters are made we would, I think, find it most 
economical to make converters that reach the tempera- 
limit, except for the very. smallest sizes. 
any of us have, I suppose, read Mr. James Swin- 
urnes paper read before the British Association at 
ewWcastle last year on the “ Design. of Converters,” 
and have been struck. by the fact that almost all of the 


Converter dimensions given by him are impracticable, 


* A paper read before the American Institute of Electrical 
, March 18th, 1890. 


—— 


either on account of the disproportionate heating of 
the larger sizes, or the the excessive fall of potential in 
the secondary. In increasing the size of dynamos we 
usually increase the ontput per pound weight, but 
there is the vital distinction between dynamos and 
converters that losses occur through the entire mass of 
the latter, and as we increase the volume we increase 
the losses in the same proportion. In the dynamo, on 
the contrary, there are practically no losses in the 
heaviest part of the apparatus, i.e, the field magnets. 
As a result, while we gain in efficiency in the larger 
sizes, yet we must decrease either our induction or 
the rate of reversal, and the output per pound is not 
increased. ‘ - 


In the discussion which followed, Mr. NIKOLA TESLA 
remarked that Dr. Duncan had brought forward some 
facts which have not been recognised before ; for in- 
stance, the fact that the loss in the iron of the converter 
remains perfectly constant with varying loads, and 


‘ which he thought ought to be so. In converters in 


which the primary and secondary are put in the closest 
possible relation, the increase of the primary and 
secondary is in an almost constant ratio, and since the 
loss in the iron is due to something like a difference in 
action of both currents he thought the loss of the iron 


ought to be constant within certain limits. With 


regard to the excessive loss in the dynamo machines in 
the armature, that Dr. Duncan had found, most of this 
loss is not due to the fact that we must have that loss, 
but because we must sacrifice a certain amount for the 
regulation of the machine. Now, the same machine 
that Dr. Duncan had tested could be given a greater 
output, and with a loss in the armature of no more 
than 1 or2 H.P. Bat we must work with a highly 
saturated field in order to obtain a constant potential 
on the converters. On the other hand, the comparison 
between the single circuit alternating current and the 
direct current machine was just, and in the proportion 
that Dr. Duncan found, n the other hand, if we 
operated an alternating machine with two circuits, then 
the output of the machine will no longer be inferior to 


the direct current machine, but it will be equal to it, 


if not greater. Now, as regards the general results 
obtained by Dr. Duncan, he was firmly convinced of 
their correctness, of course, but also firmly believed 
that Dr. Duncan had not had the best converter in 
hand. For he had himself made tests with others of 
latest make, in which the efficiency of such converters 
was shown to be much higher than is shown by Dr. 
Duncan. With the improvements made lately he 
believed that the new converters have now reached a 
much higher efficiency. | 

Mr. H. WARD LEONARD referred to the theoretica 
discussion which had taken place in Chicago a few 
years ago as to the relative merits of the continuous 
and alternating current systems, in which the former 
had been shown to have a total efficiency of 847 per 
cent., while the latter had been placed at 74 per cent., 
whereas in his paper Dr. Duncan found ‘it to be only 
61 per cent. Mr. Leonard said that the point which 
was perhaps the most pertinent, and which had been 
pretty well emphasised of late, was the fact that the 
average load of a system of lighting generally through 
a city is such a very small percentage of the connected 
devices. He knew of one instance where the lighting 
had not reached the condition which it will later, as 
regards supplying a much larger connected load than 
it has at present, and yet the average load for 24 hours 
was only about 12 per cent. of the connected load. 
This, of course, brought into very forcible action the 
efficiency of devices which were low in efficiency under 
conditions of light load. | 

Dr. S. S. WHEELER referred to a curious case of 
interaction between two circuits carrying alternating 
currents, the effect of which was to cause “ pumping,” 
that is, a periodic brightening and dimming of the 
lamps. These wires were about three miles long and 
parallel, and after a very extensive investigation it was 
found that the “pumping” of the lights was due to 
the alternations on two circuits being nearly, but not 
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quite, synchronous; so that when one set of waves 
caught up with the set of waves on the next wire while 
passing them, they first drove those waves ahead and 
then drove them back. This caused the energy of one 
circuit to first pile up the energy in the other circuit, 
and then force it down, and thus cause a pumping 
effect on the lights. That was overcome entirely by 
placing the wires in pairs properly. That is to say, the 
two legs of each circuit had not been arranged side by 
side ; one or two of the circuits had been misplaced. 
But by bringing those together, so that the negative 
side or leg of one circuit was right along side of the 
other leg of its own circuit and not mixed up with the 
wires of any other circuit, the induction was completely 
neutralised, and that left the lights perfectly steady. 
Mr. TESLA, in referring to the point mentioned by 
Dr. Duncan, viz., how the construction of the con- 
verters would be modified when their size is increased, 
remarked that it was evident that it would be imprac- 
ticable to increase the size of the converter in the same 
proportion as its capacity is increased, because as we 
operate the converters at a constant number of periods 
we would render a long magnetic circuit transformer 
very inefficient. A plan was proposed by the speaker 
a year or 80 ago to introduce a system in the construc- 
tion of converters so that all would have the same 
length of magnetic circuit, no matter whether the con- 
verters were large or small. He believed that this 
would be the proper way of constructing all converters 


_ on one system, and that the present method of con- 


structing converters was not right, for every different 
capacity of converter had a different length of magnetic 
circuit, and we knew well if one converter is adapted 
to, say, sixteen thousand reversals, another one with a 
different length of magnetic circuit is not adapted 
to the same number of reversals. A year ago they had 
begun to make all converters of the same length of 
magnetic circuit so as to render them equally adaptable 
for the same number of alternations, no matter what 
their capacity was, so that if, for instance, a converter 
was wanted that had ten times the capacity of a small 
20-light converter they would practically put in one 
converter so many multiple circuits as are required to 


get the capacity desired. Mr. Tesla thought that the 


results obtained by Dr. Duncan referred to an apparatus 
which had been in use for some considerable time, but 
the advances that had been made in that line during 
the last year alone had been so enormous that one 
would not recognise this plant at all. Thus the con- 
verters at present can be made to have less than half 
the leakage that they had previously. In other words, 
it meant practically that a converter could be run with 
a double load, and likewise the machines had been in- 
creased to very nearly double their original capacity. 
Dr. DUNCAN thought Mr. Tesla’s idea of keeping the 


same length of the magnetic circuit hardly proper. He 


had worked out the design of a number of converters, 
and thought that the same period should be retained in 
the circuit, and the converter should be designed which 
would give the maximum possible efficiency. For a 
converter of given capacity one must have a definite 
period. There is a definite period which, with the 
given proportions of iron and copper, corresponds with 
the given capacity of converter ; but if we simply in- 
crease the cross section of the iron without increasing 
the length of the circuit we keep the same cross section 
of copper, which is not a good practice. We have to 
change both the copper and iron, and he did not think 
it would be very interesting to design a large number 
of converters for any given output. As for the efficiency 
of the plant which was tested, the plant was sent on in 
November, and was supposed to be the latest plant 
which was produced by the Westinghouse Company. 
He had since heard that the efficiency of the converters 
had been greatly increased. The losses in the converters 
could undoubtedly be greatly decreased, especially for 
larger sizes. As to ‘the relative efficiency of the two 


plants, it was to be remembered that he had simply : 


taken a 750-light plant, and one dynamo was supposed 
to be always connected with the circuit in a station of 
ordinary vapacity, that is, of more than twice 750 lamps. 


We would certainly have the advantage of having. 
least two dynamos, one of which could be disconn 
when the load had reached its minimum, and the 
efficiency, therefore, would be greatly increased ; and 
also in comparing the efficiency of alternating and con. 
tinuous plants, we must remember that the business 
that is catered to by these two plants is very different, 
that the load diagram of the alternating plant ig y 
different from the load diagram of the continuons 
current plant. There was a great discrepancy between 
the curves and the figures of the two. Anal 

plant takes up the cream of the business, so to speak, 
It takes up business in which they get the maximum 
output for a given number of lamps wired, and in 
that way we must not calculate the efficiency of 
the alternating and continuous current plants in order 
to compare them. Ifso, we are favouring the continnons 
plant very much. If one can put into a continnons 
current station an alternating plant which will get 
business that will pay, it is undoubtedly proper to put 
that plant in. In the same way, if there is an alterna. 
ting plant and it is so situated that it can run more 
economically with a continuous current plant, a con- 
tinuous current plant ought to be put in. But as the 
business stood at present a combination of the two 
plants was undoubtedly theoretically the most efficient. 

Mr. TESLA, in reply to Dr. Duncan, stated that he 
proposed not to keep the length the same and vary the 
section, but simply to vary the section of the copper, 
at the same time varying the section of the iron. They 
had plates, for instance, which contain 80 
multiple circuits. These plates were so made that the 
coils could be just as well put in as one single circuit 
transformer, a form of construction invented by Mr. 
Albert Schmid, of the Westinghouse Company, and in 
this way they had practically a number of independent 
transformers, and the only diminution of the capacity 
of such transformers is that they had .a somewhat 
smaller surface. We might then allow a little higher 
capacity for that diminished surface. 

Mr. FREDERICK DARLINGTON drew attention to the 
fact that one system uses the 50-volt lamp and the other 
system is forced to use a 100 or 110-volt lamp, and that 
by the same skill in construction of lamps and the 
same advance in the art of manufacturing lamps, the 
50-volt lamps represent about 20 per cent. more 
efficiency than the 100-volt lamps. He also stated that 
they were manufacturing for a considerable time a 
converter that gave a leakage of ‘12 ampere on every 
40-light converter, and that they had recently, since 
certain analyses had been made of the iron and the 
quality and the method of annealing of it had been 
improved, succeeded in reducing that leakage from ‘12 
to ‘7 ampère. He also remarked that they were getting 
out of the total amount of lamps wired on a circuit of 
the United States Illuminating Company, of New 
York, 5°8 hours per lamp, which is about 23 per cent. 
All those points, if taken into account, would, he 
thought, make the efficiency of the alternating current 
come much higher than would appear at first thought. 

Dr. DUNCAN, in reply to Lieut. John Millis, st 
that in England the rate of alternation is determined 
very greatly by the size of the unit in which the dis- 
tribution is made. For large units a low rate was 
commonly employed. It would be found that in most 
of the continental and English systems the rate of 
alternations had been decreased as the size of the con- 
verter was increased. For a large converter à com 
paratively low rate should be used, and, as in this 
country, small converters had generally been employed, 
the rate was very much greater than if the con 
had been large. 

Dr. MICHAEL I, PUPIN inquired of Dr. Duncan 
whether he knew of any experiments that had yon 
made lately for the purpose of finding out how mu 


of the lost energy was due to eddy currents, and how | 


much to magnetic hysteresis. ped 
Dr. DUNCAN remarked that he was not prepared 
give any figure on that, because he was experimenting 
on it at the present time. He was working n0W 
weed out the eddy currents and to determine the 
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of for different periods of reversal. There 
were no data at present to tell whether the loss on the 
iron is due to viscous or static hysteresis. If the 
in magnetic force were made at a very low 
then hysteresis due to time would not come in 

at all, if, at the present speed, it would come in. 

Mr. LEONARD, referring to his previous remarks, 
stated that he had been brought to select, in the in- 
stance noted, the most exceptional one he knew of as 
being the future condition of supply of all kinds. In 
New York City, which, of course, was the most excep- 
tional in the other direction, the Edison station here 
had instead of five, nearer eight hours average load, 


which, however, may be somewhat due to the advan- © 


derived from the sale of motive power. 

Mr. Justus B. ENTZ pointed out that the losses due 
to eddy currents and hysteresis could be determined by 
employing different thicknesses of discs and testing in 
each case. 

Mr. TESLA stated that the results brought out by Dr. 
Duncan strengthened him in the idea which he always 
had, that ultimately the whole loss in the iron would 
resolve itself into the loss due to the eddy currents. 
The loss in the iron is constant at all loads; on the 
other hand, Dr. Duncan finds that the loss is pro- 

ortioned to the square of the electromotive force, 
which would be precisely the case if the loss in the 
iron were due to eddy currents. He thought that an 
argument for this view. 

Dr. DUNCAN thought that as for distinguishing 
between the hysteresis and eddy currents with different 
thicknesses of plate, unfortunately Ewing had found 
that, as far as the time hysteresis is concerned, it 
depended on the thickness of the plate independent of 
the eddy current, so that it would be impossible to 
distinguish it in the way suggested by Mr. Entz. 


PHENOMENA OF ALTERNATING CURRENT 
INDUCTION.* 


By Prof. ELIHU THOMSON. 


ABOUT three years ago I had the pleasure of bringing 
to the attention of the American Institute of Electrical 
Engineers, at its annual meeting, certain phenomena of 
the repulsive action between conductors, such as coils 
of wire travered by alternating electric currents. It 
Was then noted that if such a current be sent through 
à circuit wound as a coil, and either provided with an 
iron core, or not so provided, and permitted to induce 
in another coil or circuit*4 current under conditions 
which allowed alag or displacement of phase of the 
r from its theoretical position, a repulsive effort 
would be exerted, tending to remove one coil from 
Proximity with the other, or to deflect one of them to 
4 position such that the plane of the coils would be at 
right angles—one to the other. | 
any modifications of the arrangements of the coils 
br described, and apparatus based upon the principle 
of inductive repulsion, as I called it, were touched 
upon. I need not now enlarge upon these matters. It 
re suffice to say that current indicators and potential 
indicators or voltmeters have been constructed embody- 
ing the principle as applied to the quantitative mea- 
a of alternating currents. Arc lamps have been 
oo ein which the regulation of the carbons has been 
Ce by the repulsive action of a coil traversed by 
ire fed to the lamp, or by a derived current 
met the arc, acting on a closed band or circuit 
vs able with the regulating and feeding frame of the 
ng Various forms of alternating current motors 
mesic n made, in which the revolving portion is com- 
ee of coils arranged to be closed upon themselves, 
inductively acted upon by the currents in what 


* Abst 
of Er pr of a lecture delivered before the American Institute 
Engineers at Columbia College, April 2nd, 1890. 


may be called the field or inducing coils connected with 
the alternating current source. The principle has been 
applied in other apparatus, such as regulating mecha- 
nism for alternating currents, and in electric meters. 

It is my purpose this evening to bring before the 
Institute some experimental apparatus showing the 
action of inductive repulsion in some of its phases ; 
following this by a brief account of a number of other 
effects somewhat allied to it, with experimental demon- | 
strations of the same. Some of these experiments were 
to be seen at the Paris Exposition of last year in con- 
nection with my exhibit there, and others of them are 
more recent still, while still others have never been 
shown at all in public. The field is a fruitful one, and 
there is not time to touch upon other than the more 
striking, and perhaps interesting, phases of the actions 
exhibited, which are susceptible of modification toa 
great extent by changes in proportion and arrangement 
of apparatus. 

I may here revert to one experiment which is almost 
a repetition of one I made about five years ago. Ifa 
copper disc or closed coil be balanced in front of another 
coil and parallel thereto, it will be noticed that on pass- 
ing a current into the second coil the disc or closed 
coil will be repeiled slightly, and if the current be 
afterwards shunted or cut off there will be a slight 
attraction. By opening and closing the shunt so as to 
put the current successively on and off the coil, there 
will be alternate repulsions and attractions exhibited. 


Let the current, however, be so put on and off very 


quickly, and the attractive effect will become less than 
the repulsive effect, and the disc or closed coil will be 
driven away or bodily repelled. Replace now the 
intermittent current by an alternating current which 
reverses many times per.second, and the repulsive effect 
alone is noticed, provided that the disc or closed voil is 
of sufficient mass and conductivity to allow currents of 
high self-induction to be set up in it, whereby such 
disc or coil or current in it may, as it were, exert a con- 
trolling influence upon the magnetic field in imme- 
diate proximity to it. 

The amount of this repulsive effect may, under 
favourable circumstances, become so great as to give 
with moderate current densities a very considerable 
pressure or force. 3 

I have selected some particular instances of this 
action for our experiments, as it will be understood 
that time is too short to show many variations of the 
effect as found in numerous experimental trials. 

Placing a copper ring over a coil which has been 
wound upon an iron core, and passing an alternating 
current through the coil, gives so much repulsive effect 
that the ring is thrown forcibly away and up into the 
air (fig. 1). Or, again, the ring may be supported for a 
moment in free air, though its condition is one of 
unstable equilibrium. Further, we may arrange a 
string or thread to so guide the ring that it cannot 
move laterally though free to fall towards the alterna- 
ting coil (fig. 2). It is in this case supported in the 
magnetic field of the coil and away from it. It takes a 
position of balance between the repulsive effect and its 
own weight, which are opposed forces. As a curious 
variation, another copper ring (fig. 2) may be added 
under the former, to which it seems to be attracted as 
though magnetised, after which both rings are sup- 
ported as one. The explanation is very simple. The 
currents ‘induced in both rings are in the same direction 
at any instant and produce attraction. The bearing of 
this will be seen in later experiments where rotary 
actions are produced. 

Copper plates are but imperfect discs, and act as 
closed coils. Aluminum rings, having much less 
weight than copper, might at first be expected to be 
more readily supported, but it must be remembered 
that the conductivity of aluminum is much less than 
that of copper, and hence that since the effect depends 
on current induced, and retardation of phase or lag of 
such current, copper is the better on account of its high 
conductivity. 

By attaching the closed ring or coil to a balance 
beam (fig. 3), we are able to measure the amount of 
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force exerted with different currents, and different 
materials or constructions. 

Such measurements show very decidedly that the 
repulsive effort depends on the strength of the current 
in the inducing coil, and in the ring or closed coil, and 
on the relation of the position of the waves of induced 
current in the closed coil or ring with those of the 
inducing current. The effects are, properly considered, 
magnetic repulsive effects of the opposing fields of the 
induced and inducing currents relatively. 

When the closed coil or disc is mounted so that it 
can only turn on an axis in its plane, then the repulsion 
resolves itself into a deflection of its plane to a position 
at right angles to the plane of the inducing coil, or, 
more strictly, to parallelism with the direction of the 
magnetic lines set up by such inducing coil. The 
effect of the control exhibited by such a closed circuit 
of good conducting power over the magnetic field of the 
inducing coil, is seen by interposing such closed cir- 
cuits between the inducing coil and another coil acting 
as a secondary and feeding an incandescent lamp (fig. 
4). The light of the lamp is cut down and extinguished 
thereby, as the alternating field is now almost com- 
pletely shielded from the secondary. The coil feeding 
the lamp undergoes a slight repulsion. This is easily 
exhibited by placing in a glass jar with water a lamp 
and coil, the lamp wires being connected with the coil 
terminals; and so loading it that it just sinks to the 
bottom of the jar. Placing this above the inducing 
coil so as to bring it into the alternating magnetic field, 
is attended not only with the lighting of the lamp under 
water, but there is noticed a repulsion or floating of the 
lamp to a certain point (fig. 5), at which its tendency to 
sink just balances the repulsion exerted. So long as 
the lamp remains so suspended in the water its 
brilliancy is constant, notwithstanding that the strength 
of the inducing current be raised or lowered consider- 
ably. It is, of course, unnecessary to use water to 
balance the lamp coil, a beam and counter-poise weight 
will suffice (fig. 5A). 

In utilising the repulsive action for obtaining move- 
ment from alternating currents, the closed coil or cir- 

-cuit may be mounted in various ways. 

A convenient form is one in which a bent core of 
iron wire or plates, which may be a ring, is wound over 
with insulated wire at a portion only of its surface. A 
closed band or secondary is pivotally mounted so as to 
pass over the curved core, and also over the wire- 
covered portion if moved around the pivot by a suitable 
carrier (fig. 6). A spring or weight may tend to cause 
the closed band to pass over the wire-covered portion 
of the core. Currents sent in the wire coil produce re- 
pulsion and movement of the closed band about the 
pivots to a position on the core removed from the coil. 

This apparatus, and some of its modifications, is a 
valuable reactive coil which gives a smooth variation, 
and hence is called a “smoothly acting reactive coil,” 
for it enables us by changing the relation of the closed 
band or secondary circuit to affect the inductive resist- 
ance, as it may be termed, or the impedance of the coil 
wound on the core ; the changes being made by swing- 
ing the closed band on its pivotal support by a suitable 
operating handle. It so varies the effects in an alter- 
nating circuit as to represent those of variable resist- 
ance in a continuous current circuit; but it does this 
without much loss of energy, and not by steps, but 
through the finest gradations. The power is greatly 
increased by the provision of a movable iron armature 
for the core, centrally placed and pivoted, carrying the 
closed secondary coil upon it. 

It is easy to see that by placing on a laminated arma- 
ture core a series of coils which can be suitably short- 
circuited by a commutator, and placing such armature 
between poles of alternating magnetic polarity, or, 
better, surrounding such armature by coils for producing 
directly in it an alternation of magnetic states, while 
the magnetic circuit is completed by an outside mag- 
netic circuit of laminated iron, we have obtained a 
rotary motor for alternating currents, which may be 
termed a transformer motor, since the armature currents 
are induced, and not obtained, from the outside. 


Bat by properly constructing such a machine it ig nop 
necessary to have a commutator, if we are content} 
start the motor initially by some means, for we ms 
close the armature coils on themselves, pass alte 
current through the field coils so as to establish an 
alternating field in which the armature exists, and it 
will be found that the machine will turn in the direction 
in which it has been started, and run up toa speed 
depending on the construction. I have constructed , 
number of such machines, some of which are gelf. 
starting without a commutator. They are made salt. 
starting by special features of construction. Whether 
they can be made of high or fair efficiency remains 
to be seeu. Using only one alternating current, they can, 
of course, be used on existing lines. 

There are a number of curious effects to be described 
which depend on a shifting or propagation of magnetic 
lines of force. 

Many of these effects were worked out conjointly by 
Mr. M. J. Wightman and myself, and some of the ways 
of exhibiting them are due to the skill of my workmen 
carrying on the construction of apparatus, 

The principles may be briefly stated as follows :— 

1. If two or more closed circuits are similarly affected 
inductively by an alternating magnetic field, they will 
attract one another, and tend to move into parallelism. 

2. Iron or steel masses placed in an alternating 
magnetic field give rise to shifting magnetism, or lines 
of force moving laterally, and may, therefore, act 
= move closed circuits in the path of such shifting 

nes. 

3. Closed circuits in alternating magnetic fields, or 
fields of varying intensity, give rise to shifting magne- 
tism or lines of force moving laterally to their direction, 
and may, therefore, act to move other closed circuits in 
the path of such lines. 

4, lron or steel masses may, when placed in an 
alternating magnetic field, interact with other such 
masses, or with closed electric circuits, so as to produce 
movement of such masses or circuits relatively, or give 
rise to tendencies to so move, the effects depending on 
continual adaptations of shifting magnetism and re- 
tained magnetism relatively. 

The experimental demonstration of these principles 
can be carried out with very simple apparatus. The 
explanations of the actions which occur in accordance 
with known principles are in many cases very evident, 
and in others are arrived at with a little study. Never 
theless, the experiments illustrate in a marked manner 
properties of matter and peculiarities of magnetic 
action which will probably never be fully understood 
unless the nature of the ether and its relations to what 
we call matter are discovered. 

We will return to the case of the ring attracting 
another ring to it. Here we have the case of like 
currents in parallel direction producing attraction. 
Such an action can be made continuous. We have only 
to place a ring or plate over the alternating current 
coil or pole of its core and then bring a copper 
free to revolve on pivots into proper position relatively 
thereto. This can best be done by placing the ring Of 
plate so as to be somewhat to one side of the pole, 80 48 
to shade it in part, as it were, while a part of the 
pivoted dise is placed under it, or over it, in front of 
the alternating field pole (fig. 7). The disc then 
revolves from the unshaded portion of the pole to 
the shaded portion where the closed ring or plate is 
placed. 

The actions are due to lines of magnetic force at each 
alternation of current in the magnetising coil below 
meeting a retarding influence or opposition to their 


development over that part of the pole shaded by the. 


copper ring or plate, owing to currents induced therein. 
The copper disc is the seat of similar currents, but 
chiefly about those portions not shaded by the ring or 
plate. Owing to self-induction these currents in ring 


and plate tend to persist into the period of reversal of 


the field. This gives rise to a movement of those 
portions of the disc where current is flowing pooch 
position directly adjacent to the ring or the curren 

flowing in it, an action which is repeated at every 
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alternation, and results in a revolution of the disc. 
While this explanation is probably the simplest, it 
must be borne in mind that it is but an expression of 
a set of magnetic actions or changes in the magnetic 
feld; such magnetic field being the resultant of the 
changing force of the original alternating. inducing 
field and of the magnetic effects of the currents set up 
in the ring or plate and the disc, both of which latter 
have a retarding action due to self-induction of the 
currents in them. 

If now two discs be used instead of one (fig. 8), it 
will be found that they may each shade a portion of the 
pole, and that the discs if made to overlap, will both 
revolve in opposite directions relatively. 

An iron disc may be substituted for one of the discs 
above and used with the fixed plate or ring below it, 
and go be caused to revolve, and its position can be 
changed so that it is in a plane vertical to the plane of 
the plate or ring (fig. 9). Also, it may be similarly used 
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Fig. 14. 


in relation to the revolving copper disc. In fact, the 
positions of two copper discs pivoted so as to be re- 
volvable, or of a copper and iron disc, may be greatly 
varied and effects of rotation obtained. 

If we vary the experiment by placing a closed coil 
around a part of an iron core upon which is also wound 
a coil which can be put into an alternating current cir- 
cuit the effects obtainable are similar to those described 
above ; that is, the structure becomes capable of re- 
volving copper or iron discs held near it. The direc- 
os of revolution is such as to indicate a propagation 
th magnetism or magnetic polarity at a retarded rate 

a that portion of the iron core covered by the 
closed coil. 1n this respect a bar of iron, unlaminated 
os divided, is the same as a core surrounded bya 
ro coil, for it is also capable of causing the rotation 
® discs, when such a bar is abutted to a laminated 
alternatively magnetised, or when such a bar is 
ee at part of its length only by the magnetis- 
8 coil. A bar of steel substituted for the iron, even 


if well laminated, is able to cause brisk rotations of the 
Copper or iron discs. 


£ ye hardened steel the action is the more marked, 


® serving for the experiment, Here the “hys- 


teresis,” or coercive force, or magnetic friction, retards 
the propagation of the magnetic wave. By laying a 
large file flat-wise against the alternating magnet 
pole, at about the middle of the file (fig. 10), two discs 
of copper or iron may be kept revolving ; or one each 
of copper and iron held over those portions of the file 
projecting from the pole of the magnet over which it is 
laid will revolve. The iron disc may be held vertically 
and the copper horizontally or flat-wise to the file. 

Cast iron behaves like steel, though more feebly. A 
ring of cast iron having a closed coil wound on one 
part (fig. 11), can be laid on the pole of the alternating 
magnet coil, and it will rotate an iron disc concentric 
with it if the placing of the closed coil portion of the 
ring is not made so as to bring it either over the pole or 
diametrically opposite that point, the best effect being 
obtained when it is alongside of the pole. 

A small motor of a curious type has been made, 
utilising the principle of shading the pole by closed 


Fia. 15. 16. 


circuits. A laminated ring (fig. 12), is wound over with 
wire, but has a slot cut through it dividing the ring and 
causing it to present two pole faces opposite to each 
other at the cut part. Each pole is arranged by a set 
of closed copper bands to be “ shaded,” asI termit. A 
copper disc free to turn, introduced by one edge into 
the slot, turns rapidly and exerts some power. 

Removing the disc, it is found that a silver coin can 
be inserted into the slot, and will be drawn into it and 
propelled with some force through the same, while a 
lead coin, or coin of base metal, will be scarcely affected. 
This is due to the vigorous currents which can exist in 
the silver, owing to its high conductivity, while the 
very low effect of the lead is due to the opposite cause. 

To obtain a rotary effect on a copper disc we can, 
however, simplify matters very much by using no 
closed circuit at all, nor even a steel piece. We may 
place the disc partly over the alternating pole and 
then hold over the disc a bundle of iron wires or un- 
wound core, taking care to offset its axes to some 
extent from that of the pole towards which it and the 
disc are presented. The result is at once a rapid revo- 
lution of the disc in the direction of the offsetting. 

The rotary effects are utilised in the construction of 
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electric motors and meters of more or less merit. They 
are capable of very great variation by changing the 
forms and relations of the devices used.. 

Some curious modifications of the effects are found 
in the revolution of copper balls or cylinders. A hollow 
copper ball may be laid on a plate of copper (fig. 13), 
or within a ring of the same metal and set in gyratory 
movement, its direction of rotation as well as the posi- 
tion of its axis of rotation depending on the relation of 
the ball and the plate on which it rests, or the ring 
which encloses it in relation to the alternating pole 
which is used to set it in movement. | 

It will even rotate on a horizontal axis while resting 
on a plate of copper ; this requires that it rub its equator 
upon such surface and overcome the friction. 

Placing the ball in a vase of water in which it floats, 
and supporting the vase over the pole upon which has 
been laid a plate of copper partly covering the pole, 
gives vigorous rotation of the ball in the water. Several 
balls of various sizes may be placed in the vase ora 
copper dish substituted for the plate, or the ball and 
dish both used together (fig. 14). The effects of these 
latter are both amusing and instructive. 

We need scarcely stop to consider that these actions 
are brought about just as the movements of the discs 
were set up by induced currents and shifting magnetic 
lines that are retarded by the closed circuit currents 
set up in. the plates, rings, &c., which have been 
employed to modify the field. 

But, as we have shown, it is not necessary for obtain- 
ing some of these effects that the field be modified by 
closed circuit currents. Slight changes in the posi- 
tion or shape of parts may be sufficient to give rise to 
rotatory effects. Thus we may place a cone or wedge 
of iron on the alternating pole (fig. 15), and hold near 
it a copper ring mounted so as to be able to revolve. 
The ring in this case is best provided with a laminated 
iron interior which supports it and enables it to be 
easily mounted on a shaft. The copper cylinder 
revolves, and its direction is such that it seems to be 
blown around by a blast from the edge of the wedge or 
point of the cone. ' 

A curious electrical gyroscope is constructed as 
follows : A vertical pivot projects from the centre of 
the alternating pole (fig. 16), upon which pivot is hung 


a horizontal rod, bearing on one side of the pivot a | 


copper frame, in which is carried a copper ring or wheel 
with an iron inner portion, such ring or wheel being 
delicately pivoted in the frame in the usual way. The 
rod bears on its other end the counterpoise or balance 
weight. The copper frame bearing the ring is placed 
in an inclined direction with reference to the hori- 
zontal. Under these circumstances, rotation is given 
by the alternating field in which the instrument is 
placed, and the properties of the gyroscope are ex- 
hibited. It is needless to say that a little ingenuity 
may modify the instrument in form or lead to the con- 
struction on similar principles of a variety of curious 
devices, receiving their movements from the actual 
Space, as it were, in which they are placed, and without 
direct connections of an electrical or mechanical 
character. | 

There is a growing tendency among electricians to 
regard the effects of what is called an electrical current 
in a conductor to be due, in large part at least, to a 
movement of particles or to a transmitted strain which 
has its place entirely outside the wire or conductor, and 
in the space around such conductor. The wire and 
current in it are regarded simply as the central core of 
a set of disturbances in the medium surrounding it, by 
which medium the energy of the current is actually 
transmitted, if the current itself is not merely an effect 
of such a set of disturbances in the surrounding 
medium. 

Viewed in this light the phenomena’ we have been 
considering are seen to be simply the result of modify- 
ing these outside .effects by conducting or magnetic 


masses placed in the medium subject to disturbance.. 


The coil conveying the current sets up a changing set 
of strains in the ether around it, or rather the coil itself 
is only the centre of such strains transmitted into the 


medium surrounding the wire from the sources of enr. 
rent used, which may be a dynamo located in a central 
supply station. The changing set of strains around the 
coil used in the experiments can set up current in other 
conductors than the coil subject to their action. Thus 
are produced the induced currents in the copper rings, 
balls, plates, &c., used. Such currents react on the 
medium and modify the distribution of strains, and go 
give rise to the movements and other phenomena dig. 
layed. | 
£ The relation which exists between a primary inducing 
coil and a secondary coil in an inductive apparatus or 
transformer is of the same nature. The secondary oil 
is merely a conductor immersed in the medium which 
surrounds the primary coil. The latter, and the wire 
leading to it from the source of current, is but the core 
of a set of disturbances or strains in the ethor surround. 
ing it, and in which the secondary coil is immersed, 
Hence the coils, though insulated from each other, are 
yet both immersed in the medium whose transmitted 
strains are the real expression of electrical energy 
transmitted. The result of this relation is, that, were 
it not for the fact that the coils must necessarily be 
made of imperfect conductors, the amount of energy 
transmitted to a secondary coil from its primary could 
be unlimited—it might be thousands of horse-power, 
and the iron core of the transformer be only of such 
size as to be easily lifted in the hand. 

Let us imagine the primary and secondary coils of 
an induction apparatus made of pipe, through which a 
refrigerant is circulated, or around which a powerful 
refrigerating action is exerted, such as might be obtained 
by the evaporation of liquified gases, and in such case 
the resistance of the coils would become very small 
indeed. The coils could carry large currents without 
loss, and the amount of energy obtained in the secondary 
would almost keep pace with the energy supplied to 
primary. A remarkable example of this wonderful 
capacity for energy transmission is seen in some trans- 
formers for electric welding, in which 20,000 to 30,000 
watts, or from 30 to 40 H.P. are transferred to the 
secondary coil from the primary, apparently, while the 
iron core or magnetisable core is of quite moderate 
dimensions. In fact, the iron core has but little to do 
with the capacity for transmission of energy by induc- 
tion, though it affects the E.M.F. set up in the turns of 
wire of the coils. | 

Could we imagine an open coil without iron, com- 
posed of two interwound coils of copper wire or tubes 
insulated from each other, and kept at the lowest 
possible temperature so as to practically abolish the 
resistance of the copper, we would have an apparatus 
of the very highest efficiency for the transfer of elec- 
trical energy from one circuit to another, and one which 
could be of very moderate size,and yet transfer enormous 
amounts of such energy, to be used for lighting, metal 
working, or other purpose. , 

There has only been time in this discussion to touch 
upon a few salient features of our subject, about which 
volume might be written at the present time, the object 
being to bring to the notice of the Institute rather the 
experimental demonstrations only, stripped of such 
theoretical considerations as would, if incorporated in 
this paper, have taken up much more than the space 
allotted to it, and perhaps have exhausted the interest 
of the hearers. 


School of Practical Engineering.—On Saturday I 
Prof. Francis Elgar, Director of Her Majesty 8 and 
yards, distributed the certificates gained by the atud 

in the Crystal Palace Company’s School of Prac 
Engineering. A very encouraging report showing 
prosperous state of the school was read, and Prof. a 
delivered an interesting and instructive address to 
students. The examiners for the term were Mr. 
Wentworth-Sheilds, M.Inst. C.E., and Mr. J. P. Knig? 
A.M.Inst. C.E. The chief distinction was 
Mr. A. M. A. Struben, a student from South A 
who had qualified himself by his work and 

tions for the bronze medal of the school, 
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PADDINGTON AND THE ELECTRIC LIGHT. 


PROTEST AGAINST THE DECISION OF THE VESTRY. 


meeting of the Paddington Vestry, on Tuesday last, Mr. 
in the chair, the revised report of the 
Electric Lighting Committee was presented, upon which Col. 
D 


BARCHAR eg the following resolution :— 

“That, as the Metropolitan Electric Supply Company’s terms 
are the most favourable, and that company works both the high 
and low pressure systems, and bearing in mind that it has 

y accepted the provisional order as amended, as well as 
Ne condition to deposit £20,000; and, moreover, has not solicited 
the Board of Trade to act independently, the Vestry do discontinue 
its opposition in respect of that one y and that the resolution 
of the 18th February, 1890, be v accordingly.” . 3 

Mr. Marx H. Jupaz proposed an amendment to the effect that 
at this period of the Session it would be unwise of the Vestry to 
commit itself to any particular company or companies at present, 
and appointing a special committee to report in time for the Vestry 
to with the matter for the Session of 1890. 

long discussion ensued, and Mr. Judge’s amendment received 
18 votes, but was lost, and the resolution of Col. Barchard was 
declared to be carried, 14 voting for it and 10 against it. 

Mr. Jupaz then handed in a protest against the decision of the 
vestry, the protest pointing out that on February 18th the vestry, 
when 47 members were present, had passed a resolution instruct- 
ing their solicitor ‘to oppose all applications for provisional 
pe fe ;” that the Metropolis Local Management Act, 1855, 

ion 57, provided that under the circumstances stated, “no re- 
solution or other Act of any vestry shall be revoked or altered at 
any subsequent meeting, unless such revocation or alteration shall 
be determined upon by a majority consisting of two-thirds of the 


bers t at such subsequent meeting;” and that the 
nw members present when the division on Colonel 
Barchard’s motion was taken was 27. 


The above and other facts have been embodied in a letter which 
Mr. Judge has sent to the President of the Board of Trade. 


ELECTRICAL TRADES SECTION, LONDON 
CHAMBER OF COMMERCE. 


Tue annual meeting for the election of members and for the trans- 
action of the ordinary business of the section took place on 
Monday last at Botolph House. The members of the committee 
were increased from 33 to 48. Mr. Crompton in retiring from the 
position of chairman, which he has held during the past year, said 
the work of chairman was not as easy perhaps as it looked, 
although in the future it would be comparatively plain sailing, 
as they had arranged things into better order than they were at 
first. A great deal had nas boos accomplished, still he hoped a few 
things that were. in hand would be completed. One or two solid 
ieces of work had been done, one in their action in asking the 
of Trade to establish a standardising laboratory, and which 

is almost completed. Some good had been done in standardising 
screws, they had got in the thin edge of the wedge, and already 
80 per cent. of the electrical trades were using it, and he hoped 
to induce the kindred trades to adopt the British Association 
screw. A statistical society had been commenced for electrical 
statistics, letters were being sent out, and some valuable informa- 
tion would be gained from the system of reciprocity. In conclu- 
sion, he referred to the advantages already secured as regards 
railway rates, and trusted that during the next season there would 
& greater attendance of members at the meetings of the section. 
On the motion of Major-General Webber, seconded by Colonel 
» Mr. Crompton was re-elected chairman for the ensuing 


year. 

Major Flood Page and Mr. Garcke were elected vice-chairmen, 
and after a short discussion on the conciliation committee the 
meeting terminated. x | : 


LEGAL. 


Re Edward Moross.—A receiving order was made in 

matter on the 25th March, at Manchester, the debtor, who 

bes himself as a medical electrician, carrying on business at 

184, Oxford Street, Manchester. His liabilities were £1,028 7s. 4d., 

and the assets are estimated to produce £13. The debtor stated 

that he was an American by birth, and he last practised his 

in that country at San Francisco. Asked to explain what 

was meant by a medical electrician, the debtor referred the 

Assistant Official Receiver to a number of pamphlets he had 
supplied him with. The specialities he claimed to alleviate b 
city were blindness, deafness, and loss of h. He too 

ents at 342, Oxford Road, Manchester, about Christmas, 

In May, 1889, he removed to London, and entered into 

hip with Dr. S. Swyer. He took a house at 17, Euston 

» and he became involved in financial difficulties. He then 


returned to Manchester. The debtor spoke of ha challen 
ntleman to a duel for having blackened h nn ig 


a certain 

In his ciency account he scheduled a sum of £1,010, of which 
£80 were stated to be law costs in an action t a Mr. Parkes, 
£40 as charges in actions inst a Mr. iams, and £66 in 


agains 

actions against Dr. Swyer. The remainder of the deficiency of 
£1,010 represented the cost of advertisements and lectures in con- 
nection with the establishment of his practice here and in London. 
The assets disclosed are solely on account of book debts. The 
bankrupt alleges as the cause of his failure: “ Loss sustained 
through actions at law, brought against Parkes, of Southport ; 
Williams, dentist, of Manchester; and Dr. Swyer, of London; ” 
also to loss sustained to his business profits in London. Before he 
went to London his income was from £50 to £60 a week, and his 
expenditure was from £5 to £7 per week. That he added, was 

ore he went to London ; it was not that now. The examination 
was adjourned. 


An Electric Lighting Dispute.——In the Divisional 
Court, on Friday last, an ap was heard from a decision by Mr. 
Justice Lawrance, in Cham , in a dispute between the electric 
engineering houses of Phillips and Crompton, Mr. Witt and Mr. 
Banks being the counsel engaged. 

In June, 1889, Messrs. Phillips supplied to the order of Messrs. 
Crompton a quantity of electric wire, called “‘C” wire, intended 
to be used in lighting Chelmsford with electricity. Cromptons 

id the cost, over £1,200, less £54 17s., and further received some 
insulated wire to the value of £1,350. In January the Cromptons 
issued a writ against Philips for damages, alleging that the “ C ”’ 
wire was not equal to warranty, and in February Phillips issued a 
writ inst Cromptons for the balance above named, and the 
cost of the insulated wire, total £1,405 18s. 8d., a plying for 
judgment under Order 14. Cromptons thereupon applied for the 
consolidation of the actions, and that Phillips’s claim should be 
set up as a counter-claim to their claim for damages for breach of 
warranty, the Master at Chambers refusing to consolidate the 
actions, and giving —— for the amount named, staying 
ap against ; Messrs. Phillips asking for payment un eir 
judgment, and Cromptons for the consolidation of the actions. 
Mr. Justice Lawrance thereupon directed that upon Cromptons 
bringing £500 into Court within seven days the order of the 
Master should be set aside, and the actions consolidated, the 
defendants having liberty to defend ; otherwise the Master’s order 
to stand. The money had not been paid into Court, and the 
application now was by Messrs. Phillips that the order of Mr. 
Justice Lawrance be valid, and by Messrs. Crompton that the 
actions be consolidated and untrammelled by the order Poe, À 
£500 into Court. Their Lordships deci that the ns 
should be consolidated, costs to be costs in the cause. 


NEW PATENTS—1890. 


5191. “Improvements in and connected with apparatus for 
detecting electrical radiations.” W. Lucas and T. A. GARRETT. 
Dated April 3. 


5219. ‘ Improvements in electric arc lamps.” F.V. ANDERSEN: 
Dated April 3. (Complete.) 

5235. “Improvements in eleciric generators and motors.” 
W. B. Sayers and J. Savers. Dated April 5. 


5274. “Improvements in telephonic and telegraphic trans- 
mission.” C.D. Assent. (Communicated by the Société Generale 
des Telephones (Reseaux Telephoniques et Constructions Elec- 
triques) and V. Picon, France.) Dated April 5. 


6344. “Improvements in apparatus for strength 
and electromotive force of electric currents.”. H. H 
Communicated by M. M. Garver, United States.) Dated April 8. 
Complete.) 
5368. “Improvements ee and in apparatus therefor.” 
il 8. 


M. G. Kettoee. Dated A 


5369. “ Improvements in telephony, and in apparatus therefor.” 
M. G. KezroaG. Dated April 8. 

5400. ‘Improvements in dynamo-electric machines.” R. 
Scaorcx. Dated April 9. 


5409. ‘“ Improvements in electrical arc lamps.” S. CAPPILLERI, 
K. Kuremayrer, J. Gouppere, and R. Larzxo. Dated April 9. 

5474. ‘‘ Improvements in regulating and controlling the resist- 
ance of Fu currents.” H. Lyon and H. J. Leste. Dated 
April 10. 

5518. “ Improvements in or relating to electric incandescence 

ps. C. Paves. (Communicated F. H. Hadfield, South 

Africa.) Dated April 11. 

5540. “ Improvements in apparatus in which electrical measures 
are obtained by the aid of a wire or filament heated by the passage 


of a current.” F. H.W. Hiaarns. Dated April 11. 
5562 “Improvements in dynamo-electric machines,” W, | 


Emmort and J. H. Riper. Dated April 12. 
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| ABSTRACTS 
OF PUBLISHED SPECIFICATIONS, 1889. 


1480. - “ Electric meters and motors.” A. Wrrent, G. H. 
AzperTon, and G. J. Puitrorr. Dated January 28. 11d. Con- 
sists essentially of electric meters and motors worked by a combi- 
nation of specially-designed electro-magnets, which produce a 
shifting magnetic field of force when energised by an alternating 
current, and suitable metallic bodies or armatures placed in the 
shifting field so produced. 6 claims. 


2168... “ Improvements in or appertaining to electric meters.” 
W. P. Tuompson. (A communication from abroad by H. ©. 
Tudor, of Luxemburg.) Dated February 7. 8d. The governing 
apparatus is composed of a pendulum which establishes and inter- 
rupts the contact at equal intervals, and connects any source of 
electrical.energy with the motive apparatus, working the various 
meters by means of a special distributing line. The motive appa- 
ratus in each meter consists of a simple ratchet wheel a, 
and actuated by a booked lever, the latter being worked by the 
armature of an electro-magnet, which is alternately magnetised 
and demagnetised by the current that is alternately established 
and disestablished by the governor. The ratchet wheel advancing 
one tooth at each contact describes a complete revolution at the 
end of a certain number of contacts, and since the wheels of all 
the motive apparatus have the same number of teeth, they will 
all have e a complète révolution in the same time, so that a 
uniform motion is obtained throughout the series. 2 claims. 


2313. ‘“ Means for applying electricity during exercise for 
therapeutic or other purposes.” H.N. Lawrence. Dated Feb- 
ruary 9. . Relates to means for applying electricity during 
exercise for therapeutic or other purposes, and consists in pro- 
viding apparatus and machinery suitable for exercising the limbs 
and other portions of the body with electrical connections and 
electrodes so that currents of electricity may be passed through 
the body or portions thereof at the same time and during the 
whole or part of the period that such body or portion thereof is 
being exercised by the machine. 1 claim. 


2331. “ An improved apparatus for economically effecting the 
double decomporition of certain substances by the aid of elec- 
tricity.’ W. H. DowLanp and W. Mitts. Dated February 9. 
6d. Claims :—1. The method of and apparatus for decomposing 
haloids by electricity, and collecting the products of decomposi- 
tion, substantially as described. 2. The apparatus with two 
porous divisions between which the free haloi 
trolysis is contained. 3. The use of two separate liquids in the 
manner and for the purposes described. 


3103. ‘‘Improvements in electrical measuring instruments.” 
W. Hissert. Dated February 21. 8d. Consists of a magnetic 
system set of two or more hard steel magnets, arranged so as to 
form a nearly closed magnetic circuit, the air space being not 
more than about one-sixteenth of an inch. With this special 
magnetic system, is provided a framework on which is wound a 
number of convolutions of very thin insulated wire. By means 
of suitable connecting studs and a switch, one or more of these 
convolutions can be put into action, as may best suit the 
exigencies of the measurements to be made. 2 claims. 


12286. ‘‘ An electric current meter.” Sir CHARLES STEWART 
Forses. Dated August 2: 8d. A secondary cell is so arranged 
as to receive the whole or a part of the main current passing, and 
stores a proportional part of the same. The main, or a shunted 
part of the main current passes round an electro-magnet or 
equivalent and thereby operates a switch contact so as to break 
the discharge circuit from the secon cell when the current is 
passing. Upon its cessation the switch contact discharges the 
secondary cell through a variable resistance and an electro-magnet 
or polarised relay constructed so as to start a clock, watch or any 
equivalent motor operating a suitably graded dial or other similar 
device. The motor remaining in action until the secondary cell 
is discharged, when the stored current can be read off upon the 


dial and is a measure of the total current passed through the 


mains. 8 claims. 


19420. “ Improvements in alternating current electro-magnetic 
motors.” H. H. Lake. (Cousmmentankel from abroad by Nikola 
Tesla, of New York.) Dated December 3. 8d. Claims :—1. In 
an alternating current motor the combination with an armature 
wound with closed coils, of main and supplemental field magnets 
or poles, one set of which is adapted to exhibit their maximum 
magnetic effect simultaneously with that set up in the armature 
by the action of the other, as set forth. 2. In an electro-magnetic 
motor the combination with an armature of a plurality of field or 
energising coils, included respectively in main circuits adapted to 
produce a given difference of a and supplementary or 
secondary circuits adapted to produce an intermediate difference 
of phase, as set forth. 3. An electro-magnetic motor in which 
the field and armature magnets exhibit equal strength or magnetic 
quantities under the influence of a given energising current, as 
set forth. 4. In an alternating current motor the combination 
with field and armature cores of equal mass of emergising coils 
containing equal amounts of copper, as set forth. 


19426. “Improvements in the construction and mode of 
operating alternating current motors.” H. H. Lake. 
munication from abroad by Nikola Tesla, of New York.) Dated 
December 3. 8d. Relates to that form of electro-magnetic 
motors in which one of the elements, the armature or the field, is 


undergoing elec- . 


voured to trace the cause of the phenomena. 


(Com-- 


through which from any suitable source or sources, 
currents differing in p » are passed for the purpose of pro 
ducing in the motor a progression or rotation of the points of 
maximum magnetic attraction. 9 claims. 

19946. “ Improvements in tel h transmitters,” 
Dow. Dated December 11, Sd. lates to te 
mitters, and more particularly to that general class of trans. 
mitters in which a single movement of the o r, a8; for 
instance, the depression of a single key or lever, vies + 
cause any desired number of variations or impulses of the 
current to be transmitted, by means of a suitable conductor, to the 
receiving instrument and there record, or produce the same; and 
it has for its object, to produce a simple, cheap and effective 
mechanism whereby those objects may be attained. 7 claims, 


19883. ‘“ Improvements in electrical secondary batteries.” J. XK, 
and F. D. THowason. Dated December 10. 8d. Claims: 
—1. An electrolyte for electric batteries, consisting of cellulose made 
from fibre saturated with the electrolytic solution. 2. The combina. 
tion with an electric battery of cellulose made from fibre 
around the electrodes thereof and saturated with the electrolytic 
solution. 3. The combination with an electrical secondary 
and the negative and positive electrodes thereof consisting of a 
suitable number of plates alternating one with the other, of 
cellulose made from fibre packed between and around said plates 
and saturated with the electrolytic solution, as set forth. 4, The 
combination with the electrodes of an electrical secondary battery, 
of metal conductor plated, the active material of which was 
applied thereto in a dry powdered state, and held in position by a 
suitable porous pad while the same was placed in the solution and 
subjec to an electric current and formed. 5. The method of 
applying active material to the plates of an electric 
battery consisting of applying to said plates the active mabe 
in a dry powdered state and placing against each plate so treated 
a pad before said eos are immersed in the electrolytic solution, 
6. The method of applying active material to the plates of an 
electrical secondary ee consisting of applying to said plates 
the active material in a dry powdered condition, and sh 
against each plate so treated a pad made from cellulose made 
from fibre, before said plates are immersed in the electrical 
solution. 7. The combination with the electrodes of an electrical 
secondary battery the plates of which had the active material 
applied thereto in a dry powdered state which was held in place 
by a porous pad while said plates are being formed, of cellulose 
made from fibre packed in said battery and saturated with the 
electrolytic fluid, as set forth. 


provided with coils forming independent cirouita, 


CORRESPONDENCE. 


Valeanised Fibre. 


Anent your reply to “ W. N.” in issue of the 18th inst. 
re vulcanised fibre, if your querist would coat the 
material with a solution of shellac or paraffin wax, this 
will render the fibre impervious to the atmosphere an 
make it a really good insulator. | | 


Jno. Giltoore. 
April 19th, 1890. 


Insulation Resistance. 
(Translation.) 
I have read in your issue of April 11th, 1890, the 
article on insulation resistances. Allow me to say that 
do not entirely agree with the same. I have before had 


occasion to observe a difference in the results of expe- 


riments on insulation with a variable difference of 
potential, and at a uniform temperature. The experi- 
ments of M. Forderreuther appear to me to be very 
similar, and I have admitted their conclusions, until 
proof to the contrary is given, However, immediately 
after the publication of these experiments I bso 
met with great practical difficulties in doing 80, 80 

I am unable to give any results; but I am contin 

my experiments, and I would ask you in the mean 
time to accord to me the credit of desiring to arrive at 


a just conclusion in the matter. 


[We have much pleasure in inserting the PEL 
letter and shall be pleased to know the results of 

further experiments, though we feel sure that our ow? 
conclusions will be verified.—Eps, ELEC. REV.) 
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HOLMES. & Co. 


. NEWCASTLE-oN- TYNE 
«74,Coleman Sti 
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WHEATLEY. KIRK, _PRICE & GOULTY, 


ELECTRICAL | AUCTIONEERS, VALUERS 


ARBITR ATO 


5, QUEEN VICTORIA STREET, LONDON, B.C. 
And Albert Square, MANOHESTER. 


Gateshead Ironworks, Gateshead-on-Tyne.—To Steel Makers, Ironmasters, 
Shipbuilders, Engineers, Contractors, heer and others. 


WHEATLEY KIRK, PRICE AND GOULTY 


VULCANITE. 


HARBURG INDIA-RUBBER COMB COMPANY. 
London Warehouse: F. WINTER, 
188, LONDON WALL WOOD STREET €E.O. 


EBONITE. 


ARE INSTRUCTED BY 
ESSRS. HAWKS, CRAWSHAY AND SONS (who are retiring from business) 
to  eocoss at an early date with the AUCTION SALE (which has been 

recently delay yed), upon the premises known as the High and Low Mills, Forge and 
Chain Works, Giateshead-on-Tyne. of the dr and very — TEEL and 
IRON- WORKING PLANT, MACHINERY, and BUILDINGS. The 
comprise steam hammers, from 15 cwt. t 0 8 tons ; trains of puddle and bar rolling, 
plate and guide mille, engines and ae he 15-ton an ing and of steam and other cranes, 
puddle bar, plate sad bar shearing mac i 


Gibson, and Messrs. Stanton and Atkioson, Solicitors, bo both Neweastle-on- 
from the Works ; or from the AUCTIO NEERS, Al 
Queen Victoria Street, London, E.C. 


“ELECTRICAL PLANT” STORES, 


39, QUEEN ST., LONDON, E.C. 


For Immediate Delivery. 


NEW DYNAMOS By Crompton & Co , Ltd. 
NEW DYNAMOS .,, W. T. Goolden & Co. 
NEW DYNAMOS , Statter & Co., Ltd. 
NEW DYNAMOS .,, Blakey Emmoit & Co., Ltd. 
NEW DYNAMOS .,, Patterson & Cooper. 
NEW DYNAMOS , Laurence, Paris & Scott, Ld. 


ALSO 


250 C.P.S. Accumulators 


Of various types and sizes, in first-rate working order. 


APPARATUS AND EVERY DETAIL FOR COMPLETE INSTALLATIONS 
READY FOR DELIVERY. 


ELECTRICAL INSTRUMENTS AND FITTINGS OF ALL KINDS. 


Full Particulars upon Application. 


CALL AND INSPECT THE ABOVE AT 


"RLECTRIGAL PLANT” STORES, 


as..." QUEEN STREET, LONDON, E.C. an 


CHEAP PREPAID ADVERTISEMENTS. 


Relating te Situatrwons Vacant, Situations Wanted, Businesses 
Wanted, Businesses for Sale, Patents for Sale, Specific Articles of 
any kind Wanted, or for Sale or Bachange. 


Three Lines and Under (24 words) ... … 28. 6d. 
For Every Additional Line (8 words) eee coe 08. 6d. 
Three consecutive Insertions for the Price for Two. 

*,* This Scale does not apply to Trade Advertisements, terms for which 
can be had on application. 


ucrzicar ENGINEER (unmarried) required for Aus- 

tralia.—Must have had experience in installation work, 
and also be able to assist in the general business of a large 
electrical supply house.—Apply, with testimonials, and stating 
qualifications and salary required, to “ Export,” care of ELec- 
Review office. 3730 


Wo a STOREKEEPER, for a large manufacturing 
engineering and electrical works ; must be well acq se rs 
with dation attached to receipt and despatch of goods, purchase 
of materials, &c. Good reference required.—Apply, stating quali- 
fication and ‘salary uired, to 3,723, Ezecrricaz Review office, 
22, Paternoster Row, Losdre. 3723 


LECTRICAL ENGINEER.— Arc, Accumu- 
lator or Station work, desires Engagement; small salary ; ; 
willing to work.—“ S.,” office of this paper. 3722 


ITUATION Required by thorough practical Electrician ; nine 

years’ experience in erecting and charge of installations, &e. 

Used to Continent, speaks German and a little French. Age ne — 
S. Emerson, 4, Wordsworth Street, Keswick, Cumberland. 


N Active, hard-working young Englishman, desires — 

ment in an Electrical firm as IMPROVER or otherwise. 

Could give time or a small bonus for a berth.—F rep SmiTx, care 
of Mr. Sanders, 40a, King William Street, E.C. 3720 


REQUIRED, by electrician, in good 
firm. Small pes à “3,718,” ELecTRIcAL Review office, 22, 
Paternoster Row, London. 3718 


tiate with bond fide firms for labour part of above ; first- 
pe references.— Write W. D. Mays, 162, Piccadilly, London. 3699 


[Continued on next Page. | 


FOWLER, LANCASTER & CO., LTD., 


BIRMINGEAM, 
IS NOW THE 


LARGEST MANUFACTORY IN THE KINGDOM 
FOR ALL 


ELECTRICAL SUPPLIES. 
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nections ; hydraulic bar testing machine, and other tools. The mr | materials 
consist of open sheds, smiths’, millwrights’, anchor, and other shops, and erections. me 
For further particulars see catalogues, to be obtained shortly (price 6d. each) from 
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PHŒNIX FIRE OFFICE 


ALTERNATORS—both self-exciting and for | (ESTABLISHED 1782.) 


separate exviters. Sections may be connected in series or | I ICE :—1 MBA 
parallel at will, thus affording wide range of E.M.F. and currents. ee = RD STREET, BO, 


—For full particulars apply Evsorricaz Enainezrina Cor- | WEST END OFFICE :—57,.CHARING CROSS, SW. 


PORATION, 68, Victoria Street, Westminster. 3366 LONDO INT. 
À LIVERPOOL ELECTRIC SUPPLY COMPANY, 
completed their new Central Stations in Liverpool, FRANCIS D MACDONALD: | Joint Secreraries. 
iar ary Las only used for Exhibition Lighting and 
in y or ition Lig an 
for tompeseer re , and is all in first-class condition. Losses paid over £17,000,000, 
USH ELECTRICAL ENGINEERING UO. ; ELECTRIC LIGHTING.—16th Edition of the PHŒNIX 
Exeines and Borzers by MarsHatt, Sons & Co. ; 
Gas Enaies by Crossiey Bros. ; FIRE OFFICE RULES for installations are up to ~ and 
BELTING, CABLES, Arc D &c. in universal use. 


For particulars and prices to Tux Lirverpooz 


Surrzy Co., Lrmrren, 15, Highfiel *,* These Rules are Copyright 


Street, Liverpool. 3680 259 


E 


433: 
SF 


wi 


. . 


electrical plant, fittings, &c. Recently in the occupation of 
Mr. R. E. Crompton.—For particulars sents to JOHN SLATER, 
Architect, 39, Great Marlborough Street, W. az 
Borel. The Kinetic Enotnezerne Co., 26, Norfolk Street | EE REP AIRING CHIMNEY STACKS. 
London, W.C. nn ER | English Patent, Registered No. 13,414. 
EE For straightening, extending, binding stacks and 
PORCELAIN PARTS FOR WILH. EBELING, Jun. 
LAMP HOLDERS, CEILING ROSES, FE 2 ARCHITECT, 
SCREWED SWITCH BASES AND COVERS, SA BERNBURG (GERMANY). 


nny 


O BE LET, UNFURNISHED, the House No. 23, Porchester | — 
NSTRUCTIONS FOR THE LAYING AND JOINTING | ‘ 
T AYLOR TUNNIGLIFF & CO LÉ à fastening lightning conductors, &c., without 
T EEN disturbing the work. 


Hyde Park, fitted throughout with electric li ht, PAT FE. 
OF UNDERGROUND ELECTRIC CABLES.” — Pro 
EASTWOOD, HANTLEY, LOW PRICE AND GUARANTY. 
CUT-OU“TrS, | | N Anyone copying this Patent will be 


with parvis attached containing gas engine and comp ete 
FOR 
Illustrated.—Translated from the French of Dr. Francois 
Manufacturers of 


SA JUNOTIONS. QUALIFIED AGENTS WANTED. 
And Specialities for Electric Lighting. 4 |. 


GLOVE AND GAITER LEATHER | 


FIRE DRESSERS, LEATHER AND 
BUCKETS 


AND HOSE. 


Telephone 
No. 3188 


À BS | List of Sections, l'rices and Discounts in all Woods free. 
MEDALS AWARDED. Mahogany and Timber Importers, Importers of School Board Flooring Blocks, Figured 
Wainscot Floorings, and Manufacturers of High-Class Mouldings in ail woods, 
Head Office: 214, PAVILION ROAD, SLOANE SQUARE, BY. 
Saw Mills: Stanley Bridge Wharf, King’s Road, CHELSEA. 
Branch Yard: 6a, Poland Street, Oxford Street, W. 211 


Combs Tannery, Stowmarket. 
Price Lists and Terms on Application. 


ELECTRICAL SU PPLIES. 


CELLN A.. 


15,000 Holders, \ 000 Ceiling Connectors, 
3,000 Shade Holders, \ 700 Wall Connectors, 
5,000 Cut-Outs, 13,000 Branch Switches, 


3,000 Main Spring Switches, assorted sizes, 
STOCKED READY FOR IMMEDIATE DELIVERY. 


USE THE “GROSVENOR” PATENT CEILING CONNECTOR. 


USE F. L. & CO’S PATENT LAMP CAPS. 
ALL ELECTRIC LIGHTING AND TELEGRAPHIC SUPPLIES. 


TRADE MARK. 
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SHARP KEN 


MEASURING 


MARINE TYPE, 
Or Train Use. 


VOLTMETER. AMMETER. 
Readingto 75..£5 10 = 

” 500 ... 
” y 500... 8 10 ” » 1000 9 O 


WiLL RBAD iN ANY POSITION. 


CONNAUGHT MANSIONS, 34, VICTORIA STREET, WESTMINSTER. 


Telegrams : “ MEGAVOLT, LONDON.” ! TELEPHONE No. 3125. 


OOLDEN 


Contractors to English & Foregin Governments, 


Railways, Central Stations,&c. 
YNAMO 


Splendid Mechanical 


Construction. 
insulated entirely with MICA 
 Armatures and Field Coils | 
POSITIVE DRIVING 1 Long Bearings. Clean and Economical Lubrication. Standard Goolden built 
of Conductors, = CHEAPER than any Dynamos with Gramme, Drum and Bar Armatures. 
i if ne working with same MARGINAL FACTORS, HAVE BEEN BUILT IN ALL SIZES, 
AMPLE GLEARANGE ‘eo and at same LOW TEMPERATURE. Some welghing over SEVEN TONS without Engine. 


for Armatures. D os ef this is type have worked worked at 3 850 volts, trans- 


ting ) 
OT O RS for eee À without a penny any being spent + ——. 


STRONGLY BUILT. 
Will drive machinery direct with Spur Gearing, without breaking down the armatures. 


QTEAM DYNAMOS — 


FOR ANY OUTPUT. 


DYNAMOS and MOTORS 


Built to Specification. PS 


STEAM DYNAMO for ELECTROTYPING 
supplied to Ordnance Survey Dept. 


as | h Mc tor with Goolden Watertight Armature; 
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Publications. 


THE NINTH ANNUAL PUBLICATION 


BERLY’S ELECTRICAL DIRECTORY. 


Fully Revised and Thoroughly Reliable. 


Bound Scarlet Cloth, Gili Leltered, 514 Pages. 


CONTAINS A LARGER AMOUNT OF COMMERCIAL TRADE MATTER THAN ANY OTHER ELECTRICAL DIRECTORY. 


SECTIONS :—BRITISH, 338 Pages, Red Edges; AMERICAN, 82 Pages, Blue Edges; CONTINENTAL, 94 Pages, Yellow Rages, 


THE LEADING ELECTRICAL TRADES DIRECTORY OF GREAT — 
AND THE OLDEST ELECTRICAL DIRECTORY IN THE WORLD. 
Post Gs. 
Invaluable to Manufacturing Electricians, Electrical Engineers and Contractors, Telegraph and Telephone Constructors, Makers of 
High Speed and other Engines, Motors of all kinds, Driving Bands, Carbons, Chemicals, Insulators and Insulating Materials, Wire and 
Cable Manufacturers, Wholesale and Retail Dealers in Electrical Goods, and to Manufacturers of any article required and used by the 


Electrical Trades. No office is complete without a copy. 


CAN BE OBTAINED THROUGH ANY BOOKSELLER, OR FROM 


=, Wm. DAWSON & SONS, 148-149, Upper Thames Street, LONDON, zo. = 


JUST PUBLISHED, NEW VOLUME OF THE FINSBURY TECHNICAL 
MANUALS, 


With 210 Illustrations, 596 pages, 8vo, cloth, 14s. 


GAS & PETROLEUM ENGINES : 


A PRACTICAL TREATISE ON THE INTERNAL COMBUSTION 
ENGINE. 


By WILLIAM ROBINSON, A.M.LC.E., M.LE.., 


Senior Demonstrator in Applied Physics and Electrical Engineering, City 
and Guilds of London Technical College, Finsbury. 


London: E. & F.N. SPON, 125, Strand. New York: 12, Cortlandt St. 


LE GENIE CIVIL, 


Weekly Review of French and Foreign Industries In General, 


6, RUE DE LA CHAUSEE D'ANTIN, PARIS. 


Editor-in-Chief, MAX DE NANSOUTY, Ingenieur des Arts et 
Manufactures, Officier d’Academie, Secretary of the Electrical 
Committee of the Exhibition of 1889. 


Le Genie Crviz deals with all subjects connected with Science 
and Industry, Arts, Architecture, Construction, Hygiene, Public 
Works, Electricity, Chemistry, Railways, Mechanics, &c. 

Le Genre Crvit publishes, also, all the Official Documents of 
the Exhibition of 1889 in extenso. 


THE BEST CONTINENTAL ADVERTISING MEDIUM OF ALL. 


All communications for the Advertising or Publishing Depart- 
ment to be addressed to Mr. Bocquer, Genie Crviz Orrics, 6, Rue 
de la Chausée d’ Antin, Paris. 


ESTABLISHED 


Rail 


way Engineer 


An Illustrated Monthly Review of the Construction, Machinery and 
Administration of Railways. 


MONTHLY, ONE SHILLING. 
A Valuable Work for Reference, illustrated with large 


LITHOGRAPHED WORKING DRAWINGS 


Of and other À Stock ; and all 


ds of Railw 
ANNUAL SUBSCRIPTIONS. IN POSTAL UNION, 14 


(Payable in Advance, including Postage.) &pecimen Copy Post Free, ls. 
OFFICES :—8, CATHERINE ST., STRAND, LONDON, W.C. 


SEAIN. 


THE BEST MEDIUM FOR ADVERTISING IS THE REVIEW 


Gl Glectricista, 


CALLE MUNTAUER 36, BARCELONA, 


Reaches everyone connected with Electrical matters in Spain and 
the South American Republics, also Electric Lighting Stations, 
Mills, Arsenals, Telegraph Officials, &c. 


SEND FOR ADYWERTISING RATES. 
Subscription 10s. Yearly. 


Le MONITEUR des INVENTIONS INDUSTRIELLES 


16th YEAR. 

6 BOULEVARD DE STRASBOURG. PARIS. 
Sisteen Pages, Half-Monthly, Ilustrated. 

SUBSCRIPTION : 6s. Yearly, 8s. 6d. Half-Yearly, Post Free. 


PATENT 


SELF-BINDERS 


THE “ ELECTRICAL REVIEW.” 


Tus Self-Binder, or Reading Case, is intended to hold ELEcrTRical 
Reviews of any number until the ver ge À volume is com- 
‘pleted and ready for permanent binding, idth of on 
‘back being widened or contracted by sliding red back cover 
or out as desired. 

To be obtained at the ExzcrricaL REVIEW office, 22, Pater — 


: ‘noster Row, London. 


Price 6s., Post Free (in Great Britain) 6s. 6d. 


‘Cheques and Money Orders to be made payable to H. ALABASTsS 
- the latter on Chief Office, London. 
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ELECTRICAL ENGINEER 


(OF NEW YORK). 
A Weekly Review of Theoretical and Applied Electricity. 


Edited by T. COMMERFORD MARTIN and JOSEPH WETZLER. 


Believing that the matter is one which interests all electrical engineers closely, the proprietors and editors of this journal, 
through their agents, desire to direct attention to the new departure that has been made by The Electrical Engineer in its 
change from a monthly to a Weekly publication. | 

The Electrical Engineer is a paper, which, as the oldest of its class in the field in America, has a distinguished reputation, 
and is one to which all interested in electrical development may look as a safe advocate, exponent and authority, as well as a faithful 
record of all data and achievement. 


It is intended that as heretofore, but with more vigour and promptness than ever, The Electrical Engineer, shall cove, 


| the whole domain of theoretical and applied electricity that its name implies. It will naturally pay special attention to the work in 


which the electric current is recognised and employed as the great modern agency for distributing light, heat and power. No one 


_ engaged, or interested in operating electric lights, electric motors, electric railways, or any other electrical apparatus can afford to be 


without a single number. 


The management of the paper will be in the hands of the above named, who believe that in the endeavour and determination to 
publish a comprehensive, useful, unbiased and independent journal, they will receive liberal support from all quarters. Should the 
character and standing of the editorial and business staff be accepted as a warrant for the high degree of excellence aimed at, it is 
intended that The Electrical Engineer shall in every way realise the kind and friendly anticipations formed respecting it. 


TERMS OF SUBSCRIPTION, POSTAGE PREPAID FOR ONE YEAR, GREAT BRITAIN AND OTHER COUNTRIES 
WITHIN THE POSTAL UNION, 20s. | 


ADYERTISEMENT RATES ON APPLICATION. 


AGENTS FOR GREAT BRITAIN: 


H. ALABASTER, GATEHOUSE & CoO., 


22, PATHERNOSTER ROW, LONDON. 


THE | 


WESTERN ELECTRICIAN 


(OF CHICAGO). 
A Weekly Paper of Electrical Science. 


“ This excellent and well-illustrated journal has rapidly pushed its way into the front rank of 
electrical papers, and does for the Western States what the Electrical Engineer is 80 ably doing for 
the Eastern States of America. It is early with its information, bright and clever in its views, 
and in its expression of them independent.”’ ) | 


TERMS OF SUBSCRIPTION, POSTAGE PREPAID FOR ONE YEAR, GREAT BRITAIN AND OTHER COUNTRIES 
WITHIN THE POSTAL UNION, 20s. 


ADYERTISEMENT RATES ON APPLICATION. 


AGENTS FOR GREAT BRITAIN: 


H. ALABASTER, GATEHOUSE & CO. 


22, PATERNOSTER ROW, LONDON. 
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PRACTICAL ELECTRICAL MEASUREMENT. 


By JAMES SWINBURNE. 


“ Altogether the book is an excellent one, the few points that have been objected to in this notice being almost the only A: du: 
out of a large mass of matter have struck us as perbaps open to criticism.”—Electrician, February 15th, 1889. æÆ 


“ The author comes to his task, however, so well gg es by practical experience, that there appears to be a basis for his ery 
nounced confidence. His selection and treatment of the subject matter is decidedly original, and x large amount of stereotyped “À og 
which is usually deemed indispensable to works on electrical subjects, is conspicuous by its absence.”—The Electrical Engineer, (New 
York), February, 1889, 

“Taken as a whole, the book is a most readable and instructive one, and, with the illustrations, isa valuable addition to the 
literature of a subject which is interesting to all engaged in practical electrical work.” —Electrical World, New York, January 12th, 1899 
« Tt does not need commending ; we have only to give the author’s name and that of the publishers.” — Electrical Plant, J anuary, 1889, 

“ There are many points in this volume which will be of great value to the practical electrical engineer who has to work with such 
of the measuring instruments usually supplied.” —Mechanical World, December 15th, 1888. 

“ This is a book by a practical man for practical men, and one of a kind which is certainly needed, inasmuch as it furnishes the 
working electrician with simple rules and methods for the measurement of the various physical quantities with which he is con. 
cerned. . . . . . Much that is practically useful will be found in the book. . . . . . Looking at the book asa 
whole, there is no doubt that it will be welcomed by many engaged in practical electrical work.’”’—Industries, March Ist, 1889. 

“ The apparatus necessarily differ more than the methods, and we are glad to find that Mr. Swinburne, having essayed to describe 
; tical electrical measurement,’ has set a higher value on the fulfilment of his promise, and of the reader’s expectation, than upon 
nis ability to make a mathematical display. He has evidently found that as the algebraical evolutions are within the capacity of most 
youths as they leave school, the practical world is not in the least interested in Mr. Swinburne’s capacity in this respect, while it does 
want to know something about practical electrical measurement. He therefore departs from the more usual course of the pedant, and 
sticks to his subject.” —Engineer, March 29th, 1889. 


“ As it stands the book consists mainly of remarks on almost every form of instrument known in electrical lighting.”—Nature, 
March 28th, 1889. 


Cloth, 4s. 6d., Post Free. 41 Illustrations and 5 Tables. 


INCANDESCENT WIRING’ HANDBOOK. 


By F. B. BADT. 


Multiple Arc System; Three-Wire System; Methods of Running Wire; Location of Safety Devices and Switches; Fixtures and 
Elevators; Wire Gauges; General Electrical Data; Calculating Sizes of Wires; and two Appendices. 


Cloth, 4s. 6d., Post Free. ‘70 Illustrations. 


DYNAMO TENDERS’ . HANDBOOK. 


By F. B. BADT. 


Elementary Data; Arrangement of Power ; Dynamo-Electric Machines ; Diseases of Dynamos ; Lamps ; Instruments ; Circuits or Leads. 
Accumulators ; Safety Regulations ; Table of Electric Light Conductors; Lamp Lighting Schedule; Construction Tools. 


Cloth, 4s. 6d., Post Free. 97 Illustrations. 


BELL HANGERS’ HANDBOOK. 


By F. B. BADT. 


Voltaic Electricity ; Description of Batteries; Elementary Data; Connecting Batteries ; Battery Data; Electro-Magnets Induction Coils; 
Electric Bells; Annunciators; Electric Alarms; Gas Lighting Apparatus; Electric Heat Regulation ; 
Running Electric Wires; Testing Instruments. . 


Paper Covers, ls. Post Free. 


EVERYBODYS’ HANDBOOK OF ELECTRICITY 


By EDWARD TREVERT. 


WITH GLOSSARY OF ELECTRICAL TERMS AND TABLES OF INCANDESCENT WIRING. . 


Cloth, 16s., Post Free. (680 Engravings.) 


EXPERIMENTAL SCIENCE. 


BY G. M. HOPKINS. 


“ Rarely does a book upon any subject find purchasers among all classes of people. This is especially true in regard to scientific 
books. The majority of book buyers are seeking information mg Rd special et mG and as a fren. scion À purchase only such books 
as are useful in one particular line; but notwithstanding this, there is an unmistakable inclination on the part of many people in ery 
different walks of life to acquire at least a general knowledge of the principles underlying all modern industries based on early wren 
developments in physical science. To us this has been particularly noticeable since the publication of our new book 7 Mr. 2 
Hopkins, entitled ‘Experimental Science.’ We find that it meets with a large sale, not only among science teachers an students, 
also among men of every profession. Persons in almost every line of business have manifested their interest in science by the 
of this book. From many of these we have had letters expressing great satisfaction with the character of the work. The | 
proved itself to be exactly suited to the use of those who desired to secure by the experimental method a good knowl of mages 
electricity, electrical measurements, heat, light, polarised light, photography, microscopy, acoustics, pneumatics, hydraulics, an 
wide range of other subjects, included under the general title of physics.” —Scientific American. | 


PUBLISHED BY 


H. ALABASTER, GATEHOUSE & CO. 


22, PATERNOSTER ROW, LONDON. 
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AND OFFICES : 


Manufacturers 
of 
SWITCHBOARDS, 


Distributing Boards, 
Main and Branch Cut-Outs, 


Switches and Lampholders 
of all kinds. 


the Ai Enamelled Iron Shades. 
Sample sent on application. 
A large variety of | 
SHADES 
always in stock. 


58 & 59, BREAD ST, CHEAPSIDE, 


+ 


LIMITED, /) & 


WORKS, SHOWROOMS, | 


Sole United Kingdom Agents for / 


EC. 


* À *SUPPLIERS # TO # THE # TRADE # ONLY# 
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SWITCHES, 
FUSES, 
CEILING ROSES 
N WALL SOCKETS 


Telegrams : 
“INSTALLATION, LONDON.” 


Illustrated 
PRICE LISTs | 
URB EY Post Free. 


Telephone | 
No. 1984. 


Speciality : 
SWITCHBOARDS, and 
MAIN and DISTRIBUTING SWITCHES. 


ILLIAMSON 


91, Queen Yictoria Street, E.C. 
WORKS —HATTON GARDEN, E.C. 


ELECTRICAL FITTINGS 
OF EVERY DESCRIPTION. 


LIBERAL DISCOUNTS 
TO THE TRADE. 


FITTINGS TO CUSTOMER'S 
DESIGNS, 

OR FOR SPECIAL PURPOSES, | 
MADE TO ORDER. 


ELECTRICAL FITTINGS ASSOCIATION 4 ries | 
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“VALVE. EN G | N ES 

(PATENTS or 1884 anb 1885), | J 

dremade in Ten Standard Sizes, from 3 to 530 I.H.P., with either One or Two Cranks, and for Speeds of from 280 to '700 Revolutions, 

They are equally suited for Condensing or Non-Condensing; for the direct driving of High-Speed. 
es, such as Dymamos and Fans, or for Driwing General Machinery ty Belts or 
Gearing. It is now fully established that they possess Extraordinary Freedom from Wrear, i: all 
are in “ constant thrust ” (which is not the case with many Single-Acting oa and are Self-Lubricated. Their Small 


er aad Weight, while advantageons in all cases, fit them for uses to which the majority of engines are inapplicable. Al 


except the smallest sizes are made either Simple, Compound, or TT according: to the 
available, and recent trials show that they work with a 


SMALLER CONSUMPTION OF STEAM 


Than any other type of engine in the market indicating equal power. Non-Condensing, a consumption of: steam as low as 18°2 Ibs. 
per LH.P. per hour has been recorded, and the Makers are prepared to Guaramtee that the larger Condensing Engines 
shall work, at least, as economically as the best class of Compound Corliss Engines, while possessing enormous s advantages in 


| Lightness, Compactnmess and Cheapness. 


THE WILLANS CENTRAL-VALVE ENGINE IS WITHOUT RIVAL 


FOR ELECTRIC LIGHTING, 


For which purpose several hundreds have already been applied with the utmost success. Engines ‘&re on order at the AR 
time for nearly all the most important Public Lighting Stations now under construction in England, and the indicated power of the 
Engines already supplied, or now on order, exceeds © 


Thirty-Thousand Horse-Power. 


L 


PRICE LISTS WITH FULL PARTICULARS ON APPLICATION. 


TEAMES DLT'TOIN, SURREZ. =: 


CHARLESWORTH, HALL 


Glectrical 


THE OLDHAM DYNAMO. 


HALL’S PATENT. 


RICHMOND HILL IRON WORKS, 
OLDHAM. 


Silver Medal, Barcelona, 1858. 


MAKERS OF 


DYNAMOS AND MOTORS 


For Arc and Incandescent Lighting. 


QUICK-SPEED ENGINES 


SEARCH LIGHT PROJECTORS, &c. - 


The following Sizes of Dynamos are now kept in 
_ Stock, or in progress, Compound-wound : 


iit 


Nit 


LAMPS | amps, | voLrs. SPEED. | PRICES. = 

84 | 42 100 900 | £65 
9 100 | 1020 | £95 = 
“120 | 100 | 960 | £110 era 
| 10 | 10 | | £165 De 


PROJECTORS IN STOCK. «x: 
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MANSION HOUSE BUILDINGS, EG 


_THE TELEGRAPHIC JOURNAL AND ELECTRICAL REVIEW SUPPLEMERT. 


AFFARATUS. 
ARC LAMPS AND DYNAMOS. 
PATTERSON CABLES FOR TELEPHONES, TELEGRAPHS ‘AND ELECTRIC LIGHT. 


79, COLEMAN STREET, LONDON, EG. 
CHICAGO, NEW’ YORK AND ANTWERP.’ 


Containing Full and Complete Information. respecting 


DYNAMOS, MOTORS, PROJECTORS, LAMP FITTINGS, 


PRICE 2s. 6D. 


FREE to TRADE, including Civil Higinéerd. 


Surveyors, Builders, and allied Trades. 


COMPLIMENTARY COPIES WILL BE: ‘SENT TO: TOWN: “AND. OTHERS HOLDING 


PUBLIC APPOINTMENTS ON THEIR APPLYING FOR SAME. 


Glectric Light & Power Engineers, 


ELLIOTT BROTHERS, 
101 & 102, ST. MARTIN’S LANE, LONDON, W.C. 


(ESTABLISHED 


BLECTRIGAL ENGINEERS AND MANUFACTURERS OF ALL KINDS 0F 
ELECTRICAL TESTING AND TELEGRAPH INSTRUMENTS. 


SUBMARINE MINING APPARATUS, &c. CONTRACTORS TO H.M. GOVERNMENT. 


"Sole Agents in England for Sir William Thomson's Standard Electric Instrumenis. 


| 


Award Paris Exhibition 1889. Only “Grand. Pr to aly Bagi Electrica 
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WOODHOUSE & RAWSON'S 


SPEED INDICATOR 


ŒORN’S PATENT, 


FOR PERMANENT 
ATTACHMENT. 


TORPEDO BO4T TYPE, 


For use with 


ELECTRIC LIGHT 


Engines and Plant 
and 


GENERAL MACHINERY. 
Price, Complete, £7 10s. 


The most sensitive possible. Will reproduce every movement of the Engine Governor. Detects slipping 
_ of Belts or Gearing. Completely independent of gravity. May be used for Engines on any track, 
Steam and Electric Trams. Marine Work a — 


DESCRIPTIVE LIST SENT ON APPLICATION TO 


WOODHOUSE RAWSON 


UN LED, LIMLTME), 
88, QUEEN VICTORIA STREET, LONDON, EC. 
41, Piccadilly, BRADFORD, and Cornbrook Telegraph Works, MANCHESTER. 


REID BROTHERS, 


12 WHARF ROAD. CITy ROAD. LONDON. N. 


TELEGRAPH ENGINEERS AND CONTRACTORS 
For the Supplying, Erecting, and Laying Down Under-Ground Wires both for 
_ TELEGRAPHS AND ELECTRIC LIGHTING — | | 
PNEUMATIO TUBES FITTED WITH ENGINES AND PUMPS COMPLETE. 
MAKERS OF RADCLIFFE’S PATENT ELECTRICAL SIGNAL LOCKING APPARATUS. 


PATENT TELEPHONIC WIRES 
TO PREVENT INDUCTION BOTH FOR UNDER-GROUND AND OVER-HEAD LINES. 


. LAUFAUTURERS OF SUBMARINE ABLES, WIRE, IRON POLES, INSTRUMENTS, BATTERIES, INSULATORS AND STORES OF EVERY DESORIPTION 


CALLENDER'S BITUMEN TELEGRAPH & WATERPROOF oo, 


LIMITED. 
Telegrams: “CALLENDER, LONDON.” Telephone, No, 4,485. 


LIVERPOOL: 36, Dale Street. 
Telegrams: “CALLENDER, PICARDY.” 
UNDERGROUND MAINS 
LAID COMPLETE ON CALLENDER-WEBBER OR SOLID BITUMEN SYSTEMS. 


LEAD SHEATHED WIRES AND CABLES 


FOR UNDERGROUND WORK, HOUSE AND FACTORY MAINS AND SHIP WORK. 
Concentric Cables-ARMOURED-Metal Sheathed. 


101, Leadenhall Street, LONDON, 


Works: ERITH, KENT, Telephone, 8,411, 


REVIEW. - 


ABRIAL CABLES. 1585 
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Designed by Ss. CRICHTON 
(Ærhibitor at the Royal. Academy, 1887—1588,) 
Valuable Models in Stock of Renaissance, Louis XY., Louis XVL., Girandoles. adaptable for the Electrie Light 
SKILLED MODELLERS AND CHASERS EMPLOYED. 
SILVER AND COPPER. FITTINGS, COPPER STANDARDS, COPPER AND GLASS SUSPENSIONS, COPPER CEILING LIGHTS, COPPER BRACKETS 


METAL WORK FINISHED IN GOLD LACQUER, ORMULU, ELECTRO OR MERCURY GILDING, | on 


ELECTRIC CRANES, 


R. BOLTON & CO., Engineers, 110, Leadenhall St., LONDON, EC. 


ELECTRICIANS, &c. ALLARTON & MADELEY 


| (CLEMENT STREET, BIRMINGHAM, 
We are prepared to undertake the manufacture of ELECTRICAL | mé ) — 
APPLIANCES, and are in a position to supply 


«FITTINGS » 


OF ALL KINDS, AT Low RATES. 


MANUFACTURERS OF 


guarantee the best durch either in working out Of all Sizes and of Best Quality and Finish, 
FOR ELECTRICAL PURPOSES, 
BORING, TURNING, SCREW-CUTTING, AND MACHINING IN ALL ITS BRANCHES. — 


ROSS. COURTNEY & Co. PATENT 


_ OCKENDEN WORKS, OCKENDEN ROAD, LONDON, N. ass POCKET ELE CTROMETER. 
THE BERNSTEIN ELECTRIC LAMP co, 


1-40th to 1,000 amperes), 
(LIMITHD), 


. Wireman's Detector and 
Pole Indicator, as well 
as a. thoroughly practical: 


2, MARLBOROUGH MANSIONS, VICTORIA ST., LONDON, SW. 
OWNERS of the BERNSTRIN SYSTEM of ELECTRIC LIGHTING. 


r See ‘ ‘ Electrician,” 
14th, 1890, . 


PRICE, Post Free, 28. 


(' tided tod amps., 9 rolls, and à 


3706 DIRECT FROM TUE MAKER, 


6@ The lamps of this Company are of low resistance, and 
entirely free from the claims of other companies. iis 


Used for the last six years with the greatest success. 


ILLUSTRATED: CATALOGUES AND PRICES ON’ APPLICATION. 


JOHN & Wm. ROPER, BRADFORD, vl 


| 


HIGH- ARTISTIC FITTINGS 


Volt and Ohmmeter, 
me 


witha tondurd ohm renatance 


Wr. MOSELE Y, 82, Montpelier Rd. 


GOLD MEDALS AWARDED.” 


ficient, Strong, Silent. No Sparking! No 
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ARE NOW MANUFACTURING : FOR 


pATTERSEA D BAT PERSE A 
panos. 
so Lights, £176 | HP. £175 
wy, £280 3) HP. 1220 
4265 | 4) HP. £269 
2800 A FOUNDRY<w. \© 


or and Particulars applyto TEE MANAGER, BATTERSEA FOUNDRY, S.V. 


JOSHPH BOURNE & SON, 


MANUFACTURERS OF THE WELL-KNOWN 


STONEWARE TELEGRAPHIC INSULATORS AND BATTERY JARS. 


| these manufactures have been celebrated for s high @egree of vitrefaction combined with great to and strength. 
wager reo Brown Stoneware. White Stoneware. Brown, Porcelain. Porous C 
Strength and Durability combined. Prise Medal, Paris Electrical 


Special Shapes for Telephone and Electric oo Wires. 
Works: DENBY POTTERY, NEAR DERBY. 
London Office: NEW ST. PANCRAS STATION EUSTON ROAD. N.W. ur 


RAMSDEN, CAMM & CO. 


BRIGHOUSE. YORKSHIRE, 
axon and Ateel Wire Drawers and 


MANUFACTURERS 


TELEGRAPH, TELEPHONE AND CABLE WIRE,” 


" Ra Contractors to HM. Postmaster-General, the Indian and Colonial Governments and leading Railway Companies 
LONDON OFFICE: 72. KING WILLIAM STREET. EC. 3246 


MANUFACTURED BY 


_ THE NORTH BRITISH RUBBER CO, LIMITED, 


Edinburgh ; London, 57, Moorgate St.; Manchester, 6, Charlotte St. 
Liverpool, Cereal Courts Glasgow, 106, Buchanan St. 3962 


| IMMISCH 
OUR CATALOGUE D ELECTRIC MOTORS & DYNAMOS 


_ THE ONLY. | PUMPING AND HAULING MACHINERY, 
| Corrpleto and Periect 7 ELECTRIC LAU NCHES, &C., &C. 
00 | For Full Particulars, Prices and Estimates apply to— 
PALT +» «M IMMISOH & CO, : : 
ROPE PULLEYS, | ma | MALDON WORKS PRINCE OF WALES ROAD, LONDON, N.W. 


Rope Flywheels, Haulage Rope Pulleys. 


GENT CO. 
Coupling, FARADAY WORKS, LEICESTER, 
| \ ELECTRIC LIGHT ENGINEERS, 


Horizontal, Angle, Vertical, Hanging. 
Manufacturers, Wholesale and for Export, oe: 


FIXINGS, 
EVERY DESCRIPTION OF ELECTRICAL APPARATUS 


Wall-Boxes, Hangers, Brackets, Stools. 
HMIGHEST | 
WHOLESALE AGENTS FOR 


D REDUCED PRICES; FREE DELIVERY 
throughout the Ge 


HARPERS ..... ABERDEEN. 


Our new of CF STINGS of above, P 
will interest Ensineera with Workshops. 


ALSO MAKERS OF 
MEDICAL BATTERIES 
- With special form of Dry Cell. 


TELEPHONES. 


GULCHER ELECTRIC LIGHT & POWER COMPANY, Ln. 


| Sheets, Reds, Tubes, Cells, &., for Electrical Purposes, 


WATCHMAN’S CLOCKS. | 


GENT & CO.’S8 PATENT INSULATED CELL 
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THE FOWLER-WARING CABLES Co, 


85, QUEEN STREET, CHEAPSIDE, LONDON, E.C., 


Sole Manufacturers of 


LEAD- COVERED CABLES, 


UNDER THE COMPANY'S PATENTS, 
FOR TELEPHONE, TELEGRAPH, ELECTRIC LIGHT, 


TRANSMISSION OF POWER, 
And Underground Installations of every kind, 


SPECIAL ANTI- "INDUCTION TELEPHONE CABLES. 


UNAFFECTED BY HEAT, STEAM SHIPS, DOCKS, 


MECHANICAL STRENGTH, CHEMICAL WORKS, 
HIGH INSULATION, FACTORIES, MINES, 
LOW CAPACITY. DAMP PLACES, &o, 


MEDAL, 


REFERENCES AND PARTICULARS ON APPLICATION. 


ESTABLISHED : — 
THE TELEGRAPHIC JOURNAL AND 


ELECTRICAL REVIEW. 


Published every FRIDAY, Price 4d. 
TO BE OBTAINED BY ORDER FROM ANY NEWSAGENT IN TOWN OR COUNTRY. 
OFFICE, 22, PATERNOSTER Row, LONDON. 


TELEGRAPHIC ADDRESS: ‘AGHBBEAY, LONDON. Ad CODE A B 6. 
All Letters should be addressed to the Proprietors, H, Alabaster, Gatehouse & Co. 


SUBSCRIPTION RATES.—In (ireat Britain, post free, per year, 198. 6d. To all Foreign Countries (except those mented 
below), per Year, £1 Is. Si. Exce Te .—Abyssinia, Aden, Borneo, Ceylon, India, Java, Labuan, Mo zambique, Penang, | 
Persia (vid Brindisi), Philippine Islands, Singapore, Zanzibar, to which the rates are: per Year, £1 8s. 10d. Lai 

VOLUME XXV. can now be had bound in black cloth, gilt, at 12s. 2: 


price 2s. Gd. each. 


READING CASES, to hold from One to Twenty-six Numbers, till gr Volume is complete for Binding, can now be bad from ; 


the Publishers, Price 6s., or Free by Post (in Great Britain) 6s. 6d 


FOREIGN AGENTS.—New York: D. Van Nosrganp, 23, Murmy Street. Fans: Veuve J. Borveav, 22, Rue de la Dette 
: Berlin: Asuer & Co., 5, Unter den Linden. 


NOTICE TO SUBSCRIBERS. 
By special arrangement with the proprietors, we are enabled to supply any ot our sSubetlie 


with that excellent monthly paper THE ELECTRICAL ENGINEER, of New York, post free, for 12s... 
per annum. Our Subscribers will, in this way, be enabled to obtain, at a very advantageous rate, "2 : 


valuable eee of American electrical news, edited by Prank L. Pope, ae 
| NOTICE TO ADVERTISERS. 


The sééing are the latest times up to which Advertisements can be doit for publication : 
in current week’s issue:—-New Advertisements, or Alterations to existing ones, Wodnesdag 2 2 4 
Small Announcements for middle pages Thursday 2 p.m. | = à 


ADVERTISEMENT RATES ON APPLICATION. 


Cheques and Post Office Orders (on Chief Office, London) to be made payable to Mr. H. AuanasTsr, 22, Paternoster Bow, BC. a 


Capri 35, 


BINDING.—Subscribers’ numbers bound for 8s. 6d. each volume, including case. CASES.—Cloth Cases for Binding can be bad. 3 
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"ALLIANCE WORKS: WEST DRAYTON NEA 
PRINOE'S MANSIONS, 68, VIOTORIA ST. WESTMINS 


ALLIANCE” DYNAMOS AND AND MOTORS tor ull purpose All sizes ready for immediate delivery. fa tho mannet possible and 


THE STATTER PATENT CONSTANT CURRENT DYNANO has a higher commercial efficiency than any other, either English or American. 


IN HS and 


D... 


CHEMICAELS. 


ALL KINDS FOR ELECTRICAL WORK, and also for INDIA-RUBBER & GUTTA- PERCHA WANUEACTU HERS: 


Supplied amd Shipped at shortest motice 


Gq. BOOR & Co. 1 & 2, Artillery Lane, Bishopsgate, “LONDON, E. + 


CONTRACTORS TO THE POST OFFICE, WAR OFFICE, ADMIRALTY, INDIA AND NEW ZEALAND OFFICES AND LEADING TELEGRAPH COS. 


ERNEST SCOTT & Co., 4 


NEWCASTLE-ON-TYNE, 
Glectrical and General Engineers. 


TYNE DYNAMOS, 


TYNE ARC LAMPS, 
TYNE TRANSFORMERS. 


home and ab 


SPECIAL TERMS TO THE TRADE.. = 
Complete Catalogue on application. =a 


Offices: Telegraphic Addresses: 
N; 110, Leadenhall St ‘ect. Boltonite,” ondon. 
NCHESTER : Byron Chambers, 8, Exchange St. “ Ampère,” Manchester. 
HUDDERSFIELD: Lancaster Yard, Cloth Hall St, “ Dynamo,” 
GLASGOW : 53. Wat ri o Street. 


RoW. 
JOHANNESBURG SOUTH AFRICA, “Mulhanse,” Johan vee 
urg 


MARSHALL. SONS & Co. =. 


Highest Award MELBOURNE INTERNATIONAL A 1889.—_First Prize and Special Mention for Excellence for Engines 
First Prize and Special Mention for Excellence for Thrashing Machinery. 


BRITANNIA IRON WORKS, GAINSBOROUGH: 


London Offices, Show Rooms & Stores:—MARSHALL’S BUILDINGS, 79, FARRINGDON Rd., E.C. 
MORE THAN 


ENGINES SOLD 


Telephone No. 6,648. 
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Portable and Semi- Portable Engines, with Underneath Engines, Simple snd Compound, tor Kxtren.« — “a at 
Automatic Expansion Gear. Economy in Fuel. Vertical "Engines and Boilers. 


ll. 8. & C0. KEEP A LARGE STOCK OF ENGINES &o. OF ALL SIZES AT THEIR LONDON DEPOT FOR IMMEDIATE OELIVERT ON SALE OR HIRE. 
INSPECTION INVITED. 


, with inside Crank, for Cornish Loco- PE Que, Small HP. 
tub buler Botlere. - Installations. ‘Fixed magi, with À 
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New Catalogues, with Current Prices, free on apvlication, [Engine Londons 
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Made from 1-Ply for Cylinder and Faced Joints to any thickness for uneven surfaces, — à | 


SECTION OF SHEETING 


SECTION OF SHEETING. Q 
PATENT. 


à | | 

The above, which can only be obtained from this house, is _ | The Centre from which the requisite elasticity is obtained 
recognised as the Most Efficient and. Economical Jointing | will adapt itself to uneven surfaces to which it may be ap- 
Material in use. It is composed of a specially-prepared plied, and allow the expansion and contraction to be fully 
India-rubber Compound, protected by a covering of Yul- taken up. The covering being of Asbestos Cloth, imparts 
canised Asbestos Sheeting, as shown above, and as it a protection to the centre and so prolongs its elas. 
is the only Jointing Material which adequately ticity. For Manhole, Mudhole, Steam Pipe, 
combines PERMANENT ELASTICITY WITH » and Mash Tun Door Joints ft is unequalled, 
HEAT RESISTANCE, the advantages it and if applied as directed a ring can be 
possesses will at once be seen. used many times over, 
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MANCHESTFR: Cable Street, Q Vy BELLS ASBESTOS. ® HULL: Humber Dock Basin, 
Blackfriars. 


GLASGOW : 35, Robertson Street. 
AMSTERDAM : 264, N. Z, Voorburgwal. 


| BARCELONA, TRIESTE, LISBON & GENO | 


AG ENTS.—BIRMINGHAM— BELL & Co., 7, John Bright Street. CARDIFF: BELL & Co., West Bute Street. 


LIVERPOOL: 2, Strand St., James St, 
BELFAST, DUBLIN, ANTWERP, BERLIN, 


3 BELL'S ASBESTOS ‘BELL'S ASBESTOS BELL’S ASB ESTOS. 
BOILER PRESERVATIVE | YARN & SOAPSTONE PACKING | | | 
Will effectually keep Boilers clean and-re- | 14 the BEST LOCOMOTIVE PACKING made. NON-CONDUCTING COMPOSITION. 
move any Incrustation, without injury 
to the Boiler Plates or Fittings. 


‘Will reduce 
loss by radi- | 
ation, and 
saves 4 per. 
cent. of fuel. 


BE LL”’S . 


COMPOUND HYDRAULIC PACKING | — 
18 SPECIALLY SUITED FOR 
HYDRAULIC MACHINERY, ACCUMULATORS, AND AMMONIA 
AND ALL PUMPS. 3 


. Is sent out 
dry in bags 
therefore 

EX | others sent 


MLR All bags are marked as 


shown, is earnestly re- 
iy quested to forward us 
sample and particulars 


of where obtained. 


| Oil soldas Bell's Asbestos 
Lubricant, & Cask; Drum, | 
| or Corks not marked as & 


All Corks are sealed a8 above. 
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| BELL’S ASBESTOS LUBRICANT 
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Drums are marked as above. a Every Cask is sent out as above. ale 
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ADVANTAGES OF ASBESTOLINE. Lip 


D ASBESTOLINE is the cheapest Lubricant. 
+ ASBESTOLINE saves from 50 to 90 per cent. of the Cost of Oil. 
ASBESTOLINE is the Cleanest Lubricant. " 
ASBESTOLINE is favoured by Insurance Companies. 

M ASBESTOLINE is the most Inodorous Lubricant. 

D) ASBESTOLINE is the safest Lubricant, its flashing point being 700 F 
a ASBESTOLINE has beaten all other Lubricants in making trials. 
ASBESTOLINE is applicable in and out doors in every climate: 


MES tl ASBESTOLINE is the most efficient Lubricant for all bearings. 


. 


HUVA 


ASBESTOLINE requires no special application. S. 
CONSISTENCY OF ASBESTOLINE. 
ESTOLINE, to meet all circumstances, is made in four | ASBESTOLINE (, is for use in tropical climates, both asho 
ASB à of consistency, À, B, C, and CC. wer | and afloat. It is also invaluable in works in this country 
ASBESTOLINE A. is specially adapted to ordinary Land when the temperature is high. 
Engines and Machinery, in and out-door, In this country. | ASBESTOLINE CC, is designed for-use on. calenders, paper 

ASBESTOLINE B, a little more solid, is for use.on Steamships machines, &c., where the bearings are heated by steam 
in temperate climates, also on land when it is desirable to passing through, and sometimes is advantageously used 
have Lubricant stiffer than A. ins of C. 


The reputation of Asbestoline as a lubricant of the highest efficiency in every kind of machinery is established, and it has never been equalled by any other lubricant 
in the numerous cases of special difficulty in which the best oils are ineffectaal. This reputati n is growing daily, because it is based on the experience of 
thousands of users under the severest cireumstances any labricant has ever been subjecte | to, and not on mere laboratory tests and professional analysis 
of insignificant quantities. It is used with marked -uccess in Steel and Iron Works, Collieries, Cotton and Wool Mills,and other Textile Manutfactories. In Corn Mills it 
has proved invaluable on the roller and other modern machines. In Saw Million Machines going up to 5,00 revolations per minute, its work has never been app) oached 
by any other lubricant. Oa Electric Lighting Machinery, and in Steamships of all sizes throughout the world, the success of Asbestoline is unequalled. M iny engines and 
machines of all descriptions give trouble and show bad results, both in working and wear, when the system of lubrication has not received due consideration. Engineering 
firms of the highest standing have given to it their powerful testimony and support. : 

2 


SUPPLIED IN KEGS, 28 lbs., 56 lbs., or 112. lbs. 


SPECIAL TERMS FOR LARGE QUANTITIES. 


IMPORTANT TO EXPORT MERCHANTS.—One Pound of “ Asbestoline ” equals 2 gallons of Oil weighing 18 Ibs. 
consequently the saving in freight is very considerable. Liberal Terms are conceded to Export Merchants, 


BELL'S ASBESTOS 
DAC p À 
| DAGGER PACKING. A Ï 


ROUND. 


EER Every 10 feet has label as above, and bears our Trade Mark. 


Under this registered title are included the inventions of Mr. Field, and experience has proved them to be 
THE MOST EFFICIENT, DURABLE, AND ECONOMICAL PACKINGS ever made. They constitute such a 
combination of Asbestos and India-rubber as secures the maximum of elasticity and heat resistance, and they 
are therefore UNEQUALLED FOR EVERY KIND OF ENGINE. These Packings are being universally used by 
most of the leading Steamship Companies throughout the world for ordinary Compound, Triple, and Quadruple 
Expansion Engines of the latest type. These Packings are composed of Rolled Asbestos Cloth, but the India- 


rubber is placed in two forms to suit various cases. 


Ks" In ordering, state whether square or round required. 1 


ASBESTOS COMPANY, LIMITED, 


SOUTHWARK, LONDON, S.E. 
DEPOTS:—MANCHESTER : Cable Street, Blackfriars. LIVERPOOL: 2, Strand St., James St. HULL: Humber Dock Basin. 
GLASGOW: 36, Robertson St. DUBLIN, BELFAST, ANTWERP, BERLIN, BARCELONA, TRIESTE, LASBON, & GENOA. 


264, N. Z. YOORBURGWAL, AMSTERDAM. | 


AGENTS:—BIRMINGHAM: BELL & C0, 7, John Bright Strost. CARDIFF: BELL & CO., West Bute Street. as 


| ut OF 1890. THE TELEGRAPHIC JOURNAL AND ELECTRICAL REVIEW. xvii 
4 ” 
€ = 
— 
La | 
| 
y be ap. | 
be fully 
imparts | 
its elas- 
qualled, 
can be 
| 
| 
| 
| 
treet. | 
gwal, | 
| 
OA, 
| | 
| 
| 
À 194 Patent. | | | 
IBS | PTE = PAT 3 , 4 }|| 
ON || | AN (il | 
k, 
| 
> 
| 


xviii 


LIMITED, 
Serem Manufacturers, 
24, CHARLES ST, HATTON GARDEN, 


LONDON, E.C. 


TWO MEDALS 


AWAR D HD 
For Excellency of Manufactures, 


PARIS INTERNATIONAL EXHIBITION, 1889. 


ALL THESE GOODS ARE SHOWN IN daca a AND KEPT IN STOCK ses 
63 


# 


SOLE AGENTS FOR J. O. MOUCHEL’S “HIGH CONDUCTIVITY COPPER WIBE. 


STRAIGHT DRAWN, BRASS, IRON AND STEEL; ROUND HEXAGON AND FLAT; 


ESTIMATES FOR SCREWS AND TURNED PARTS ON RECEIPT OF PATTERN 
Considerable Reduction for Large Quantities. 


& 
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PATERSON 


ORIGINAL MAKERS OF THE 


CARDEW VOLTMETER, 


And Manufacturers of ali kinds of 


INSTRUMENTS. 
 Cardew Yoltmeters 


OF THE MOST APPROVED FORM. 


|  Phœnix on. 


PHŒNIX AMMETERS AND VOLTMETERS, 


‘Many thousands of ‘our in usé in all parts of the world, 
and giving the greatest satisfaction. | 


SPECIAL. TERMS TO LARGE BUYERS 


POWNALL ROAD, DALSTON, ME. 


Telephone No. 5429. ESTABLISHED 1870. | Telegrams : ‘Flexible, London.” 


SILVER MEDAL INTERNATIONAL ELECTRIC EXHIBITION, 1882. 


||) PHILLIPS BROTHERS, 
Glectrictans, — | 
AND WORKS: THE LEA. TELEGRAPH WORKS, MAGKNEY WICK, LONDOR | 


MANUFACTURERS OF CABLES, WIRES, &c, TO ANY SPECIFICATION. 


‘MULTIPLE CABLES, AERIAL AND SUBTERRANEAN. \ 
Gut-Percha, India-Rubber, and Compound Wires of every description for Telephone and Electric Bell Work. 

FANCY BRAIDED WIRES OF EVERY DESORIPTION. 4 

COTTON AND SILK COVERED WIRES FOR DYNAMO MACHINES, MAGNETS, de, Re | 


THE. SCHOOL OF SUBMARINE TELEGRAPHY | 

ELECTRICAL ENGINEERING | 

ESTABLISHED IN 1868. | 

|] 12 PRINCES STREET, HANOVER SQUARE, LONDON, 
| | LANT CARPENTER, BA, B.Sc. F.C.5. 


_ Secretary:-LEON DRUGMAN, AS.TE. 
Senior Instructor:—-CHAS. CAPITO, MIME. MSTE. and E. 


Establishment is now the largest and the most full uipped School of its kind. It possessés, recent additions, several 4 
Machines and Electric Motors, a G-horse Boller and Steam Engine, a Gas- Engine, 42 E.P.S. Accumulator Cells, 
i ia — as several kinds of Arc and Incandescence. Lamps and a Photometer Room. Both Theoretical and .P 
4+ Le ie eo ore be obtained. Since its openmg in 1668 more than 3,000 Pupils have through the School. At 
instruction for the oy Tax Scoot is conducted by an Examiner 
» unconnected with the School. New Courses commence early in January, May, and September. 
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WORKS COMPANY 


Offices and Warehouses: 106 & 100, CANNON STREET, LONDON, E.G. am 
Works : Bilvertown, Essex; Persan-Beaumont, Franoe. nn 


TELEGRAPH ENGINEERS AND MANUFACTURERS 
i 


pre-eminent, 


INSULATORS.—Ebonite, Porcelain, Brownware, &o. 
or most Iurnoven Arranarus ron RAILWAY BLOCK SIGNALLING. 


SEMAPHORE REPEATERS, LIGHT ” INDICATORS, AND WALKER'S “ PASSENGER AND GUARD ” OOMMUNIOATOE 


TELEGRAPH STOKES AND APPARATUS OF EVERY DESCRIPTION. 


TORPEDO APPARATUS: 


THE INDIA-R GUTTA-PEROHA, AND TELEGRAPH WORKS OOMPANY (Lemtepen 
Patentees and Manufacturers of a Compiate System of Torpedoes for Harbour and Coast Defenes, ie 
AND OF THE 4 
PATENT FIRING BATTERY, 
A Constant Battery for Mining and Blasting Purposes. 
‘OONTRACTS ENTERED INTO for the SUPPLY, CONSTRUCTION, and MAINTENANCE of TELEGRAPH LOWES, 


| 
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| 
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MANUFACTURERS OF 


i VALVES SHEET, BUFFERS, SPRINGS, WASHERS, WHEEL TYRES, CORD TUBING, AND DOOR AND CARRIAGE RRIRRSS 
INDIA RUBBER AND CANVAS SUCTION AND DELIVERY HOSE. 


| 
| 
RUBBER and OANVAS STEAM PACKING — ROUND, SQUARE, and 
{NDIA RUBBER MAGHINE DRIVING BANDS. 


WATERPROOF GARMENTS AND FA BRICSS 


EBONITE. 
Het y Vigor or or de Ao 
=. Tubes, Mouthpieces. Sheet and Rod. — 
| GUTTA-PERCHA. | 


Tubing, Belting, Buckets, for Flax Spinning, | 


"Works: BILVERTOW, LONDON, E.; PERSAN-BEAUMONT, FRANOE 

London Office—106, CANNON STREET, E.O. 1 | 
Warehouse—100, CANNON STREET, 
BRANCH WAREBHOUSHS : 


Boorzs oes ove 70, Regent Road. vee 2, Clare Street. 
Castle Street. Nuwrorr, Mon. eee eee 83, Dock Street. 
oo 2 Dixon Street. Canprrr *Pierhead Chambers, Bu 
YorEsurm: … … - 6, Neville Street 
ove Street. Surivs ... … Borough Road. 
49 Street. Cobden Buildings, Corporaue® Streste 
.… 85, High Otroet, | MANCHESTER ... ... 
oe eee Andrew Street. eee eee eee 9, Trinity Stree 
Printed by E. KNIGHT, 18 and 18, Middle Street, E.C., and Published by the Proprietors, H. ALABASTER, GATEHOUSE & Co. at $2, Paternoster BOW, ers: 
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